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Chapter 10
IMPACT Of SECONDARY TRANSfER ON PATIENTS wITH SEvERE TRAUMATIC 
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ABSTRACT

Background
Within a trauma network in the Netherlands, neurosurgical facilities are usually limited to 
Level I hospitals. Initial transport to a district hospital of patients who are later found to require 
neurosurgical intervention may cause delay. The purpose of this study was to assess the 
influence on outcome and time intervals of secondary transfer in trauma patients requiring 
emergency neurosurgical intervention.

Methods
In a 3-year period all patients who sustained a severe traumatic brain injury and underwent 
a neurosurgical intervention within 6 hours after admission to a Level I trauma center 
were included. Patients were classified into two groups: direct presentation to the Level I 
trauma center (TC group) or requiring secondary transport after having been diagnosed for 
neurosurgical intervention in other hospitals (transfer group). 

Results
Eighty patients were included for analyses. Twenty-four patients in the transfer group had a 
better Glasgow Coma Scale on-scene but a higher 30-day mortality compared with patients 
who were primarily presented to the Level I trauma center (33% vs. 27%; p = 0,553). In the 
transfer group, time to operation was 304 minutes compared with 151 minutes in the TC group 
(p < 0.001). Most delay occurred during the initial trauma evaluation and the interval between 
the first computer tomography and the transfer ambulance departure at the referring hospital.

Conclusion
Patients requiring an emergency neurosurgical intervention appear to have a clinically 
relevant worse outcome after secondary transfer to a neurosurgical service. Therefore, patient 
care can probably be improved by better triage on-scene and standardized procedures in 
case of a secondary transfer. 
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INTRODUCTION

For patients with severe traumatic brain injury (TBI), requiring neurosurgical intervention, 
several factors are associated with better clinical outcomes. Some of these factors, such as 
the on-scene Glasgow Coma Scale (GCS) and pupillary reaction to light, are well documented 
and are considered to give a good prediction of the outcome.1-5 A less evident factor of 
potential influence is the (delay in) time to neurosurgical treatment. In the literature, study 
results with regard to the effects of time to treatment on mortality are contradictory. Some 
suggest that early treatment is favorable for a good outcome,6-9 whereas others do not find 
any differences5 or even a negative influence of early surgical intervention.10-12

The decision to present the patient to a center with specialized neurosurgical trauma care is 
made on-scene by trained ambulance nurses based upon several clinical parameters 

(e.g., GCS < 9, abnormal pupillary reaction). According to the American College of Surgeons 
report on Resources for Optimal Care for the Injured Patient, a Level 1 trauma center should 
have neurosurgical expertise available and should be able to deliver neurosurgical care 
promptly around the clock.13 The initial choice of hospital may require a secondary transfer for 
patients who need a neurosurgical intervention. These transfers likely cause an important time 
delay which could therefore affect the outcome of severe TBI patients.

Before the institution of regional trauma system, approximately 35% of patients with a TBI 
were secondarily transferred to a Level I trauma center in the Netherlands.14 No current data 
are available in the literature.

Because of the reduced time interval to neurosurgical intervention, patients who are 
transferred directly to a trauma center with neurosurgical experience are expected to have a 
better clinical outcome than patients who are secondarily transferred from hospitals with no 
neurosurgical facilities.

The purpose of this study was to assess the effects of secondary patient transfer to a Level 
I trauma center on clinical outcomes in patients requiring an emergency neurosurgical 
intervention; and to analyze in which phase of trauma care and evaluation, time could be 
gained to improve trauma care.

PATIENTS AND METHODS

For this retrospective study, all patients who sustained a severe TBI between January 1, 
2006, and December 31, 2009, were identified using the Academic Medical Center’s (AMC) 
prospective trauma registry. The AMC is a university hospital and is accredited as Level 
I trauma center in the Netherlands. Severe TBI was defined as having an Abbreviated 
Injury Scale of the head score ≥ 3. Patients were included for analysis if they underwent an 
emergency neurosurgical intervention performed within 6 hours after admission to the AMC. 
Emergency operations were defined as a craniotomy, a craniectomy, or an operation for 
reduction of a depressed skull fracture. Patients solely operated for insertion of intracranial 
pressure monitoring devices or external ventricular drains were excluded. Patients admitted 
for observation but requiring a secondary emergency operation after clinical deterioration were 
also excluded. 
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For the analysis, the patients were divided into two groups. The group of patients directly 
presented to a Level I trauma center was analyzed as the trauma center (TC) group. Patients 
who were transferred secondarily to the Level I trauma center after initial diagnosis of TBI 
elsewhere requiring neurosurgical intervention were analyzed in the transfer group (transfer). 
These were all patients from district hospitals without neurosurgical facilities.

For prehospital data collection, the dispatch centers’ registry and the electronic patient data 
systems from the transferring hospitals were analyzed. During a chart review, the following 
variables were collected: age, gender, vital parameters, computed tomography (CT) findings, 
injury characteristics, number and type of operations performed, several time intervals, and 
specific data on prehospital trauma care and transport. 

The primary outcome measure was traumatic brain injury related 30-day mortality. Patients 
dying of uncontrollable bleeding outside the brain were excluded. The secondary outcome 
measure was the classification according to the Glasgow Outcome Scale (GOS). The GOS 
was assessed by reviewing the latest hospital and general practitioner’s correspondence.

Continuous variables were presented as median with interquartile ranges. Time intervals were 
presented as means. Normal distributed variables were compared using the Student’s t test. 
Abnormal distributed variables were compared using the Mann-Whitney U test. Categorical 
variables were calculated as percentages and compared using χ2 analyses. Statistical 
significance was declared at the 0.05 level. Data were analyzed using SPSS for windows, 
version 16.0 (SPSS, Inc., Chicago, IL). 

RESULTS

In total, 80 patients were included for analysis of which 24 where secondarily transported 
to the Level I trauma center. Table 1 shows the baseline characteristics for both groups. 
Prehospital GCS score was significantly lower in the TC group (p = 0.023).  

TC (n = 56) transfer (n = 24) p value

Male 71% 67% 0.670‡

Age 46 (31-56) 53 (36-64) 0.178*

ISS 25 (16-29) 25 (16-25) 0.318¶

Prehospital GCS 6 (3-14) 13 (5-15) 0.023¶

Trauma mechanism 
Fall 
Traffic accident 
Penetrating
Other

34%
48%
6%

13% 

50%
38%
12%
none

Table 1 | Demographic data and baseline characteristics 
TC; trauma center group, transfer; transfer group, ISS; Injury Severity Score, GCS; Glasgow Coma Scale, 
‡ χ2 analysis, * student’s t test, ¶ Mann-Whitney U test.
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Table 2 shows the injury characteristics and CT findings for both groups. All except one patient 
with a depressed skull fracture had associated intracranial injury. Patients in the TC group had 
a higher score in almost all injury types suggesting a more severe trauma. The hematoma 
size for subdural hematomas on the first CT scan was comparable, respectively 1,1 cm (0,7 
– 1,4 cm) in the TC group versus 1,0 cm (0,7 – 2,1 cm) in the transfer group. For epidural 
hematomas, the hematoma size was larger in the transfer group, respectively 2,4 cm (2,1 
– 3,0 cm) versus 1,7 cm (1,1 – 2,4 cm). The midline shift on the first CT was 0.95 cm (0.30-
1.275 cm) for the TC group and 0,70 cm (0,00-1,175 cm) for the transfer group.

Overall 30-day mortality was 28.8%. The 30-day mortality in the TC group was 27% and in the 
transfer group 33% (p = 0,553). Omitting three patients in the transfer group who had a GCS < 
9, but no other life-threatening injuries, did not change mortality for the transfer group (33%).

TC (n = 56) transfer (n = 24)

Epidural hematoma 30% 33%

Subdural hematoma 64% 50%

Subarachnoid hemorrhage 43% 33%

Hemorrhagic contusion 52% 46%

Depressed skull fracture 27% 21%

Table 2 | Distribution of intracranial injury over both groups 
TC; trauma center group, transfer; transfer group

Figure 1 shows the outcomes of the GOS score for both patient groups. The GOS of patients 
who were secondarily transferred, did not differ significantly compared with the patients 
directly presented to a Level I trauma center (p = 0.866). Because patients presented in 
district hospitals needed secondary transportation to a Level I trauma center, the time from the 
initial ambulance request to the trauma scene until the start of the neurosurgical intervention 
was doubled (for the TC group 151 minutes vs. 304 minutes in the transfer group; p < 0.001). 
The delay in neurosurgical intervention was approximately 2,5 hours for patients who were 
secondarily transferred. Specific time intervals for both groups are given in Table 3. There 
were two phases that attributed most to the time spent before arrival in the Level I trauma 
center. When comparing the time interval between the arrival at the initial hospital and the 
first CT scan, the patients in the transfer group lost twice the time compared with patients in 
the TC group (26 vs. 52 minutes; p < 0.001). In addition, 49 minutes were spent between the 
diagnosis on first CT and the second ambulance dispatch request and 39 minutes between 
the request and the actual departure of the transferring ambulance at the hospital. Within 
these 39 minutes, 27 minutes were spent in the initial hospital although the ambulance was 
ready for patient transfer.

Of the 24 patients who were transferred, 14 received an additional CT scan at the Level I 
trauma center. Deterioration of the neurological status during transport was the most frequent 
reason to repeat the CT scan. Six of the 10 patients who had a hematoma on the initial CT 
showed an increased hematoma volume on the second CT scan. The midline shift in these 
patients extended to 0,95 cm (0,188 - 1,350 cm).
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Figure 1 | Glasgow Outcome Scale for both groups (1, dead; 5, good recovery) (n = 68).

TC (n = 56) transfer (n = 24) p value

Initial dispatch request – arrival initial 
hospital

49,0 38,9 0.031

Arrival initial hospital – CT 25,7 51,7 < 0.001

First CT – second dispatch request N/A 48,5 N/A

Second dispatch request – 
departure  initial hospital

N/A 38,9 N/A

Departure  initial hospital – 
arrival Level I trauma center

N/A 19,2 N/A

Arrival Level I trauma center – operation 103,6 95,4 0,592

Initial dispatch request – operation 151,3 303,9 < 0.001

Table 3 | Time intervals (in minutes) 
TC; trauma center group, transfer; transfer group, N/A; not applicable, CT, computer tomography

DISCUSSION

The aim of this study was to assess whether the outcomes differed for patients requiring 
neurosurgical intervention primarily transported to a Level I trauma center from those who 
were secondarily transferred after initial evaluation in a district hospital. Our study results 
showed better 30-day mortality and long-term GOS scores for patients primarily presented 
at a Level I trauma center. The differences would appear clinically relevant, but were not 
statistically significant, in part due to the relatively low sample size of the study. 

 Several studies have described a lower GCS as an independent predictor for worse clinical 
outcome,1, 3-5, 15 whereas in our study, the outcomes of these patients (TC group) were better in 
comparison to the transferred patients. 
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A potential explanation for the lower mortality in the TC group is the time delay in patients 
with secondary transfer. One prior study described that a time loss of minimal 2 hours 
resulted in a survival deterioration of approximately 40% in patients requiring a neurosurgical 
intervention.6 Our study showed that time from the initial ambulance request till start of the 
operation was doubled for the transfer group (151 minutes vs. 304 minutes). Most of this 
time delay occurred between the moment from where the severe TBI requiring emergency 
intervention was diagnosed and the indication for emergency intervention was made until 
departure of the secondary transfer to a Level I trauma center. Furthermore, time from arrival 
to perform CT scanning can also be improved. To prevent this kind of delay in the future, it 
can be considered to revise or initiate specific protocols for surrounding district hospitals with 
respect to diagnostics and urgent transfers and further optimization of triage protocols for the 
ambulance dispatch centers to directly transfer patients requiring neurosurgical care to the 
appropriate hospital. 

The higher initial value of the on-scene GCS in the transfer group was one of the reasons 
to transport these patients to a district hospital. On the basis of these GCS values, the 
paramedics did not expect severe TBI in these patients. In the Dutch protocol for prehospital 
triage criteria, a GCS < 9 is an indication for direct transport to a Level I trauma center. 
Nevertheless, three patients meeting this criterion without other life-threatening injuries were 
transported to a district hospital. Optimization of prehospital triage and regular evaluation of 
the process by a medical director could possibly prevent these incorrect trauma presentations 
in future.

The GOS did not differ between both groups. A preferred clinical outcome is a GOS score of 
4–5,9, 16-21 and both groups scored the same for this outcome despite the better prehospital 
neurological status of the transfer group. GOS is an international validated outcome scale 
and is used in most articles that report on TBI.22 However, the range of this score, 1 to 5, is 
maybe somewhat rough to detect significant results. When a test is used with a wider range in 
outcome values, it is possible that a more evident difference in results would be detected. We 
therefore recommend the use of such an extended classification for future research.

Besides the disadvantages of time delay on clinical outcomes, secondary transfers will also 
increase the risk of adverse events during these additional ambulance transfers. Second, the 
overall costs will also be higher because of to the increased absolute number of ambulance 
transports, and by care and additional diagnostics in the secondary center.

This retrospective study does have limitations. The study population was relatively small, 
because we specifically wanted to assess the disadvantages of secondary transports in 
patients with an indication for emergency neurosurgical intervention. The study compares 
the outcome of two groups that differed on baseline by their clinical condition. Accordingly, 
the transfer group had a higher prehospital GCS, but still this group had a higher mortality. 
The higher GCS suggests that some of these patients were potentially salvageable. This 
study does not provide data how to recognize this specific patient group that “talks-and-
dies” on clinical grounds. The organization of prehospital care, CT availability, transport 
methods and intervals are all factors that depend on local conditions. Therefore, it is difficult 
to draw conclusions that can be generalized to other trauma networks. In our setting, focus 
on prehospital triage and formation of protocols for patient transfer would possibly improve 
outcome of patients that require secondary transport to a neurosurgical center.   
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In this study, we have shown that patients requiring neurosurgical intervention seem to have a 
higher mortality and a worse GOS when they are secondarily transferred to a Level I trauma 
center. The differences appear to be clinically relevant but were not statistically significant. 
Most of the time was lost during the initial trauma evaluation and between the first CT scan 
and the secondary transport request. Patient care could be improved by better pre-hospital 
triage and by standardizing procedures for secondary transfer.
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