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Editorial

In modern times, the management of trauma patients has become increasingly
complex, requiring speed, precision, and the integration of multidisciplinary knowledge. The
development of treatment protocols and medical innovations is therefore of paramount
importance. This issue of the journal brings together articles that reflect the progress and

dedication of healthcare professionals in enhancing the quality and safety of trauma care.

The first article presents a modification of a fan cover mask for use with the Hamilton
G5 ventilator, serving as an example of resourceful adaptation to maximize available resources

in critical patient care.

This is followed by a study examining the impact of interfacility transfer time on
mortality rates in severely injured patients, an essential topic related to referral systems and

efficient resource management.

Additionally, this issue includes noteworthy case reports: delayed occlusion of the
superficial femoral artery following severe lower extremity trauma, and a penetrating anterior
neck injury involving the right carotid artery, both of which highlight the diagnostic and

therapeutic challenges in managing complex trauma cases.

Finally, the issue concludes with an article focusing on enhancing intraoperative vital
sign monitoring under local anesthesia, aiming to elevate safety standards and operational

efficiency in the operating room.
We hope that all articles in this issue will serve as an inspiration and a valuable
resource for physicians and healthcare professionals, fostering continuous improvement in

trauma care.

Editorial Board
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Modification of the Ventilation
fan mask with a Mechanical
Ventilator in an accident
patient, Hamilton G5 model

N13AALUAINTININATIUNAAUTEUIEDINA
A g yw = . Y wa v a v 1A
ieldiusastemelalugUegifve Bvisuauiiasi U 5

Kotchakron Yongtharvon' Sunisa pommongkut”and Juthamart Pundee’

ABSTRACT
Mechanical ~ Ventilators are very
important in accident patients because they
can save lives and support breathing in
patients who have been injured in an
emergency accident and cannot breathe on
their own or have acute respiratory failure.
The Hamilton G5 ventilator is a high-end
device used in hospitals. However, the unit
found a problem with the fan cover on the
back of the

continuous use. As a result, the air filter could

machine  breaking after

not be installed firmly because of the
breakage. Dust may enter the ventilator
system, damage the main circuit board,
especially affecting the patient's respiratory

system,

Medical Science Specialist, Division of Trauma surgery,
Department of Surgery, Faculty of Medicine Siriraj Hospital,
Mahidol University, Bangkok, Thailand.
*Scientist, Division of Trauma surgery, Department of Surgery,
Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok,
Thailand.
*Register nurse, Nursing Department, Faculty of Medicine Siriraj
Hospital, Mahidol University, Bangkok, Thailand.
* Correspondence Kotchakron Yongtharvon

Email: Kotchakron.Yong@gmail.com Tel: (+66) 80 938 1135

and risk of pneumonia caused by infection after
wearing the ventilator for a long time. Although
there was an initial repair with epoxy slue, because
the mask had to be removed frequently for
cleaning, and the glue repair could not withstand
the pressure from prying it open from the machine,
it was damaged again. To reduce costs and waiting
for spare parts from abroad, the unit modified it by
using spare parts from old computers with
accessories such as iron grills, nuts, and nut
washers, etc. to create a replacement mask. From
the trial, it was found that it works well, is strong,
easy to remove and remove, and does not break
again even after continuous use for more than 5
years. This modification is therefore one way to
increase the efficiency of medical equipment
maintenance in a time of limited resources. It also

effectively reduces the budget burden of the unit.

KEYWORDS
ventilation fan mask, mechanical ventilator,

fan cover modification, Hamilton G5
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The Effect of Interhospital
Transfer Time on Mortality in
Severe Trauma Patients

Pharanyu Jaroenwanit' Warit Werawatakul® and Ploytip Jansiriyotin’

ABSTRACT

Trauma is a time-sensitive condition, with
improved outcomes traditionally believed to
occur when definitive care is deliveredpatients
receive definitive care within the first 60 minutes,

1

known as the “golden hour.” In Thailand, many
severely injured patients initially receive treat-
ment at rural hospitals before being transferred to
trauma centers. This study aimed to assess how
interhospital transfer time affects mortality rates

among patients with severe trauma.

METHODS

We conducted a retrospective cohort study
using records from the Khon Kaen Trauma Center,
Thailand, from January 2022 to December 2022.
Severe trauma patients (Injury Severity Score [ISS]
> 15) who were transferred from rural hospitals
were identified. Transfer time from rural hospital
to trauma center was the main exposure. The pri-

mary outcome was overall and 24-hour mortality.
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RESULTS

Among 776 severe trauma patients, those
in the delayed transfer group had significantly
lower overall mortality (12.92% vs. 22.61%, p =
0.002) and 24-hour mortality (5.26% vs. 10.73%,
p = 0.012) than patients in the optimal transfer
group. Delayed transfer was associated with higher
Revised Trauma Score (RTS) and greater distance
from the trauma center. In multivariable analysis,
lower Trauma and Injury Severity Score (TRISS) and
road traffic injury were independently associated
with increased 24-hour mortality. Longer trans-
fer time was associated with decreased 24-hour
mortality, although this association was borderline
significant (adjusted risk ratio [RR] 0.89; 95% confi-
dence interval [Cl], 0.79-1.00; p = 0.052).

CONCLUSION

Delayed transfer time was associated with
lower mortality, suggesting that greater physiolog-
ical patient stability and prolonged initial care at
rural hospitals may reduce immediate mortality
risk. These findings indicate that not all trauma pa-
tients benefit equally from rapid transfer and high-
lisht the importance of assessing patient stability

and transfer timing to optimize outcomes.

KEYWORDS

interfacility transfer, multiple trauma, mor-

tality
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BACKGROUND

Road trafficinjury is the eighth leading cause
of death worldwide across all age groups and is the
leading cause of death among children and young
adults aged 5-29 years.(1) The global burden re-
mains unacceptably high, with approximately 1.35

million deaths from road traffic injuries each year.(1)

Total prehospital time has been reported
to be independently associated with increased
all-cause in-hospital mortality among trauma

[{

patients.(2) The concept of the “golden hour”
emerged from the belief that trauma patients
have better outcomes if definitive care is provided
within 60 minutes of injury. However, there is lim-

ited scientific evidence to support this concept (3).

Several studies have focused on specific
trauma subgroups. In Canada, rapid transport of
patients with traumatic acute subdural hemato-
mas has been associated with decreased mortality

(@).
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Similarly, another study reported that se-

vere morbidity and mortality were three
times higher in patients who underwent sur-
gery more than 4 hours after injury (5).

In Thailand, many trauma patients receive
initial resuscitation and stabilization at rural hos-
pitals before being transferred to trauma centers.
However, there are few studies examining the as-
sociation between interhospital transfer time from
rural hospitals to trauma centers and mortality

among patients with severe trauma in Thailand.

Evidence from other settings has been
mixed. A study from Pakistan found no significant
association between in-hospital mortality and
transfer delays longer than 1 hour.(6) A system-
atic review of prehospital transfer strategies con-
cluded that current evidence does not definitively
clarify the effect of direct transport to a trauma
center compared with initial transport to a non-

trauma center hospital for stabilization first.(7)

In 2021, registry data from Khon Kaen Hos-
pital indicated that the average transfer time from
rural hospitals to Khon Kaen Hospital was approx-
imately 4 hours. Building on findings from Virginia,
which suggested that morbidity was three times
greater in patients undergoing surgery after 4 hours
from onset of injury (5). We aimed to investigate
whether transfer times longer than 4 hours are as-
sociated with mortality in severe trauma patients.
We therefore conducted a study to determine the
effect of interhospital transfer time on mortality
in severe trauma patients, defining delayed trans-
fer time as more than 4 hours from arrival at the

primary hospital to arrival at Khon Kaen Hospital.

METHODS

Study design

We conducted a retrospective cohort study
by reviewing medical records and trauma registry
data from Khon Kaen Hospital and the Khon Kaen
Trauma Center, Thailand, between January 2022
and December 2022. We used recorded data to
identify transfer times from rural hospitals to the
trauma center and to determine mortality as the
primary outcome. The study was approved by the

institutional ethics committee.

Study patients

We included medical records of severe
trauma patients, defined as those with an ISS
greater than 15, calculated at the time of arrival at
Khon Kaen Hospital. Only patients referred from
rural hospitals in Khon Kaen province were eligi-
ble. We excluded patients whose records lacked
transfer time data from the rural hospital to Khon
Kaen Hospital, as well as patients referred from

districts outside Khon Kaen province or from other

provinces.

Exposure

The exposure of interest was interhospital
transfer time, defined as the time interval from pa-
tient arrival at a rural hospital to arrival at Khon
Kaen Hospital. A delayed transfer time was defined
as a transfer duration more than 4 hours. Patients
were categorized into two groups: delayed transfer

(> 4 hours) and optimal transfer (< 4 hours).
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Outcomes

The primary outcome was mortality,
including overall in-hospital mortality and 24-
hour mortality after arrival at the trauma center.
Mortality was identified by reviewing medical re-
cords and, when necessary, cross-checking with
the Civil Registration database.

Secondary outcomes included admission
to the intensive care unit (ICU), length of ICU stay
(days), length of hospital stay (days), and use of

mechanical ventilation.

Data collection

We collected patient characteristics and
clinical data, including age and sex, Abbreviated
Injury Scale (AIS) and ISS, RTS, TRISS, mechanism
of injury, circumstance of injury, vital signs on ar-
rival, Glasgow Coma Scale (GCS) and GCS motor
(M) score, incident location distance from the
trauma center (km), predicted transfer time from
incident location to trauma center (vehicle trans-
fer time calculated using Google Maps)(9), actual
interhospital transfer time, operative interventions
performed (10). Data were extracted from medical
records and the trauma registry using a standard-

ized data collection form.

Statistical analysis

We compared baseline characteristics be-
tween the delayed transfer and optimal transfer
groups. Categorical variables were summarized as
frequencies and percentages and compared using
Fisher’s exact test. Normally distributed continu-
ous variables were described as mean + standard
deviation (SD) and compared using the indepen-

dent t-test.

Non-normally distributed continuous variables
were presented as median and interquartile range
(IQR) and compared using the Mann-Whitney U
test.

A p-value < 0.05 was considered statistical-
ly significant. Statistical uncertainty was expressed
using two-sided 95% confidence intervals (Cls).
AWl analyses were performed using STATA, version
16 (StataCorp. 2019. Stata Statistical Software:
Release 16. College Station, TX: StataCorp LLC).

We also used univariable and multivariable
risk ratios (RRs) to compare outcomes and identify
prognostic factors associated with delayed transfer

time and with 2d4-hour mortality.

RESULTS

From January 2022 to December 2022, a to-
tal of 8,474 patients were admitted to the trauma
units (trauma ward and trauma ICU) of Khon Kaen
Hospital. Of these, 7,281 patients were excluded
because they had an ISS < 15, 352 patients were
not referred from rural hospitals, and 65 patients

were referred from outside Khon Kaen province.

A total of, 776 patients met the inclu-
sion criteria. Among these, 209 patients (26.9%)
were categorized into the delayed transfer group
(transfer time > 4 hours) and 522 patients (67.3%)
into the optimal transfer group (transfer time < 4
hours). The median time to arrival was 5.9 hours
for the delayed group and 2.43 hours for the opti-
mal group (p < 0.001).
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A total 8474 patient admit o frauma
center between January 2022 to
December 2022

7281 patient has IS8 score
lower than 15

352 patients not refer from rural
hospital

65 patients refer from outside
khon kaen city

776 patients included

—

J

509 patients had transfer time=dhr
(median 2.4 hours)

209 patient had transfer time >4hr
(median 5.9 hours)

Figure 1. The study patients flow chart.

There were no significant differences be-
tween the groups in terms of age, sex, or initial
vital signs. The mean age was 43.23 + 20.95 years
in the delayed group and 44.38 + 19.35 years in
the optimal group (p = 0.468). Male patients ac-
counted for 72.25% of the delayed group and
76.44% of the optimal group (p = 0.479). Pulse
rate (94.55 + 22.02 vs. 94.88 + 26.27 beats/
min, p = 0.873), systolic blood pressure (132.90
+ 27.80 vs. 129.83 + 33.29 mmHg, p = 0.243),
and diastolic blood pressure (82.18 + 17.80
vs. 80.33 + 21.94 mmHg, p = 0.282) were simi-
lar between groups. The proportion of patients
undergoing operative intervention did not dif-

fer significantly (37.50% vs. 43.76%, p = 0.130).

The mechanism of injury was predominant-
ly blunt trauma in both groups (98.05% vs. 97.06%,
p = 0.324). However, road traffic injury as the cir-
cumstance of injury was more frequent in the opti-
mal transfer group (72.55% vs. 65.07%, p = 0.029).
Regarding severity scores, the mean ISS was
slightly lower in the delayed transfer group, with
borderline significance (20.11 + 5.11 vs. 20.92 +
5.02, p = 0.050). The delayed transfer group had
significantly higher TRISS (0.89 + 0.19 vs. 0.79 +
0.27, p < 0.001) and higher RTS (6.92 + 1.56 vs.
6.05 + 1.96, p < 0.001),

indicating better physiological status and higher
predicted probability of survival.

Neurological status also differed sie-
nificantly between groups. The mean GCS was
higher in the delayed group (12.67 + 3.85 vs.
10.74 + 4.58, p < 0.001), as was the GCS motor

score (5.41 + 1.30 vs. 491 + 1.66, p < 0.001).

Patients in the delayed transfer group
were located farther from the trauma center, with
a greater mean distance from the trauma center
(63.47 + 28.44 km vs. 53.16 + 24.84 km, p < 0.001)
and longer predicted vehicle transfer time (66.76
+ 23.27 vs. 59.28 + 19.90 minutes, p < 0.001). All

finding are summarized in Table 1.

Table 1
Characteristics of patients

Characteristic Delayed transfer Optimal transfer p-Value
09 22

n=2 n=>5.

Age, years (mean+SD) 43.23 + 20.95 44.38 + 19.35 0.468
Male sex, n (%) 72.25 76.44 0.479
ISS (mean+SD) 20.11 £ 5.11 20.92 + 5.02 0.050
TRISS (mean+SD) 0.89 = 0.19 0.79 £ 0.27 <0.001
RTS (mean+SD) 6.92 + 1.56 6.05 + 1.96 <0.001
Blunt mechanism, n (%) 98.05 97.06 0.324
Road traffic injury, n (%) 65.07 72.55 0.029
Vital signs

Pulse rate, bpm 94.55 + 22.02 94.88 + 26.27 0.873
(mean+SD)

SBP, mmHg 132.90 + 27.80 129.83 + 33.29 0.243
(mean+SD)

DBP, mmHg 82.18 + 17.80 80.33 + 21.94 0.282
(mean+SD)
GCS (mean+SD) 12.67 + 3.85 10.74 + 4.58 <0.001
Best motor response 541+ 1.30 491 + 1.66 <0.001
(mean+SD
Distance from TC, km 63.47 + 28.44 53.516 + 24.84 <0.001
(mean=SD)
Predicted vehicle trans- 66.76 + 23.27 59.28 + 19.90 <0.001
fer time, min (mean+SD)
Time to arrival, hours 5.9 [4.7,9.05] 2.4[1.8,3.1] <0.001
[median, IQR]
Operative intervention, 37.5% 43.76% 0.130

n (%)
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SD = standard deviation; ISS = injury severity score; TRISS = trauma injury severity
score; RTS = revised trauma score; bpm = beats per minute; SBP = systolic blood pres-
sure; DBP = diastolic blood pressure; GCS = Glasgow coma scale; TC = trauma center;
km = kilometers, min = minute; IOR = interquartie range

The delayed transfer group had significantly
lower overall in-hospital mortality compared with

the optimal transfer group (12.92% vs. 22.61%, p

= 0.002). Similarly, 24-hour mortality was lower in

the delayed group (5.26% vs. 10.73%, p = 0.012).

Secondary outcomes also differed between the

groups. ICU admission was less frequent in the

delayed transfer group (24.50% vs. 42.99%, p <

0.001), and the use of mechanical ventilation was

lower (43.0% vs. 61.1%, p < 0.001). There were no

statistically significant differences in the length of

ICU stay (median 5 days [IQR 2-10.5] vs. 5 days [IQR

Higsher RTS was associated with an increased like-
lihood of delayed transfer (adjusted RR 1.53; 95%
Cl, 1.09-2.15; p = 0.013). Greater distance from the
trauma center also remained a significant predic-
tor of delayed transfer (adjusted RR 1.01; 95% Cl,
1.00-1.01; p = 1.016, as reported).

TRISS, road traffic injury, GCS, and GCS mo-
tor score were significant in crude analyses but
lost significance after adjustment. Overall, the
strongest predictors of delayed transfer were bet-
ter physiological status (higher RTS) and increased
distance from the trauma center. All finding are

summarized in Table 3.

Table 3
Multivariable analysis of factors associated with Delayed transfer time

fRiSk L e L e
. . actors 0 0 o o
3-11], p = 0.358) or in the length of hospital stay
. ISS 0.98 0.95 1.00 0.078
(median 5 days [IQR 3-11] vs. 6 days [IQR 3-13], p
TRISS 4.04 2.03 8.03 <0.001 0.97 0.27 3.41 0.966
= 0336) betWeen the delayed and optlmaL tranS' RTS 1.23 1.14 1.34 <0.001 1.53 1.09 2.15 0.013
fer groups. All finding are summarized in Table 2. Road traffic 128 101 162 0042 123 097 157 0085
injury
Table 2 GCS 1.08 1.05 1.12 <0.001 0.96 0.84 1.10 0.626
Outcomes of the treatment
Best motor 1.20 1.08 1.34 0.001 0.84 0.65 1.09 0.197
Outcomes of patient Delayed transfer ~Optimal transfer p-value response
Primary outcome, %
Distance 1.01 1.01 1.01 <0.001 1.01 1.00 1.01 0.999
Overall 12.92 2261 0.002 from TC
20-hour 5.26 1073 0.012 URR = univariable risk ratio; Cl = confidence interval; mRR = multivariable risk ratio; ISS =

injury severity score; TRISS = trauma injury severity score; RTS = revised trauma score; GCS =
J Glasgow coma scale; TC = trauma center
Secondary outcome, %

ICU admission 24.50 42.99 <0.001 . . .
In the multivariable analysis of factors
ICULOS, days [median, IQR] 5[2, 10.5] 53, 11] 0.358
_ associated with 24-hour mortality, lower TRISS
LOS, days [median, IQR] 5[3, 11] 6 [3, 13] 0.336
U S - -~ - scores were significantly associated with higher

used, %

24-hour mortality in both crude (RR 0.02; 95% Cl,
0.01-0.03; p < 0.001) and adjusted analyses (ad-
justed RR 0.22; 95% Cl, 0.07-0.61; p = 0.004). Road

ICU = intensive care unit; ICULOS = ICU length of stay; IQR = interquartile range; LOS
= length of stay

In crude analysis, higher RTS, higher TRISS,

higher GCS and GCS motor scores, road traffic in-
jury, and greater distance from the trauma cen-
ter were associated with delayed transfer time (>
4 hours). In multivariable analysis, only RTS and
distance from the trauma center remained signifi-

cantly associated with delayed transfer.

traffic injury was also independently associated
with higher 24-hour mortality (crude RR 1.75; 95%
Cl, 1.11-2.75; p = 0.015; adjusted RR 1.83; 95% Cl,
1.22-2.74; p = 0.003).
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Lower RTS, lower GCS, and lower GCS
motor scores were significantly associated with
24-hour mortality in crude analyses, but these
associations were not significant after adjust-
ment. Longer transfer time was associated with
decreased 24-hour mortality in crude analysis (RR
0.78; 95% Cl, 0.67-0.90; p = 0.001). In the adjust-
ed model, this association remained borderline
significant (adjusted RR 0.89; 95% Cl, 0.79-1.00; p
= 0.052). All finding are summarized in Table 4.

;/lauk()tliifjrfab(e analysis of factors associated with 24 hour mortality

Risk factors uRR 9USF3/0€CT| Ql;;\ll)eél p-value  mRR gu;zecrl glgg/\;eél p-value
ISS 1.01 0.98 1.06 0.416
TRISS 0.02 0.01 0.03 <0.001 0.22 0.07 0.61 0.004
RTS 0.54 0.49 0.59 <0.001 1.00 0.80 1.26 0.950
Road traffic injury 1.75 1.11 2.75 0.015 1.83 1.22 2.74 0.003
GCS 0.68 0.61 0.76 <0.001 0.89 0.71 1.12 0.339
Best motor 0.48 0.43 0.54 <0.001 0.73 0.52 1.03 0.080
response
Distance from TC 1.00 0.99 1.01 0.805
predicted vehicle 1.00 0.99 1.01 0.675
transfer time
Time to arrival 0.78 0.67 0.90 0.001 0.89 0.79 1.00 0.052

URR = univariable risk ratio; Cl = confidence interval; mRR = multivariable risk ratio; ISS = injury
severity score; TRISS = trauma injury severity score; RTS = revised trauma score; GCS = Glasgow
coma scale; TC = trauma center

A subgroup analysis compared mortality
rates at different transfer time thresholds (1, 2,
3, 4,5, and 6 hours). For each cut-off, mortali-
ty was compared between an “optimal transfer
window” (< cut-off point) and a “delayed transfer
window” (> cut-off point).

As the threshold for defining delayed
transfer increased, the mortality rate consis-
tently decreased in the delayed transfer group
compared with the optimal transfer group. For
example, at the 2-hour threshold, mortality was
14.9% in the optimal window versus 7.54% in
the delayed window (p = 0.005); at the 4-hour
threshold, mortality was 10.73% versus 5.26% (p
= 0.012); and at the 6-hour threshold, 10.21% ver-
sus 2.88% (p = 0.008).

Overall, these findings suggest that longer
transfer times were associated with lower mortal-
ity rates in this cohort. All finding are summarized

in Table 5.

Table 5

Comparative Analysis of Mortality at Varying Transfer Time Points.

Transfer time Mortality Rate in the Mortality Rate in the P-value

point Optimal Transfer Delayed Transfer

1 hours 20 8.94 0.151
2 hours 14.9 7.54 0.005
3 hours 134 4.75 0.004
4 hours 10.73 5.26 0.012
5 hours 10.56 3.47 0.004
6 hours 10.21 2.88 0.008

DISCUSSION

In this study, we evaluated the effect of in-
terhospital transfer time on mortality among severe
trauma patients, using a 4-hour threshold to define
delayed transfer. Contrary to the traditional “gold-
en hour” paradigm, our findings demonstrated
that patients with delayed transfer had significant-
ly lower overall and 24-hour mortality than those
with shorter transfer times. Similar patterns were
observed across multiple transfer time thresholds.

Delayed transfer was strongly associ-
ated with higher RTS and greater distance from
the trauma center, suggesting that patients
who were physiologically more stable and lo-
cated farther away were more likely to expe-
rience longer transfer times. In contrast, pa-
tients with lower TRISS scores and road traffic
injuries were at higher risk of 24-hour mortality.

Our findings differ from the classical
“golden hour” hypothesis, which proposes that
rapid provision of definitive trauma care within
60 minutes reduces mortality (3). Several pre-
vious studies have shown that shorter prehos-
pital or transfer times are associated with im-

proved outcomes in specific trauma populations.
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Forinstance, Canadian studies reported that reduc-
ing time-to-treatment for traumatic acute subdural
hematoma decreased mortality (4). Another study
from Virginia demonstrated that severe morbidity
and mortality were three times higher among pa-
tients who underwent surgery more than 4 hours
after injury.(5) Additionally, a study from Oklaho-
ma City suggested that severely injured patients
should be transported directly to tertiary trauma
centers (11).

In contrast, our study shows an association
between longer interhospital transfer time and
lower mortality. We believe this discrepancy may
be explained by differences in patient selection
and referral patterns. Patients in the optimal trans-
fer group in our study tended to have lower TRISS
scores, indicating a lower probability of survival.
A lower TRISS score was a strong predictor of 24-
hour mortality in both crude and adjusted analy-
ses. These high-risk patients may have been rap-
idly transferred from rural hospitals due to their
critical condition.

Conversely, patients in the delayed
transfer group had higher RTS, indicating bet-
ter physiological status and higher surviv-
al probability. Rural hospitals may have had
more time to stabilize these patients before
transfer, which might have contributed to im-
proved outcomes despite longer transfer times.

Our results are partly in line with studies
from Pakistan and systematic reviews suggesting
that transfer time and transfer strategy do not al-
ways have a straightforward relationship with mor-
tality and that patient condition and system fac-

tors play critical roles (6, 7).

This study has several limitations. First, its
retrospective design is subject to inherent biases,
including selection bias and potential misclassifi-
cation of variables. Data quality depended on the
accuracy and completeness of medical records
and registry entries.

Second, the study was conducted at a sin-
gle trauma center in Thailand, which may limit gen-
eralizability to other regions or healthcare systems
with different prehospital infrastructures or refer-
ral patterns. Third, transfer times and distances
were based on recorded data and predicted travel
times from Google Maps, which may not perfectly
reflect real transport conditions, such as traffic or
weather. Finally, unmeasured confounding factors,
including prehospital care quality, availability of
resources at rural hospitals, and decision-making
processes regarding transfer, may have influenced
the observed associations.

Prospective multicenter studies are need-
ed to confirm these findings and to explore the
mechanisms by which delayed transfer, patient
stability, and the quality of initial care interact to

influence trauma outcomes.

CONCLUSION

Our study demonstrates that, in this setting, de-
layed interhospital transfer time (> 4 hours) was
associated with lower overall and 24-hour mor-
tality among severe trauma patients. Multivariable
analysis identified higher RTS and greater distance
from the trauma center as the strongest predictors
of delayed transfer, suggesting that physiological-
ly more stable patients and those located farther
away were more likely to experience longer trans-

fer times.
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Despite longer transfer durations, these more stable patients may have benefited from prolonged
initial resuscitation and stabilization at rural hospitals, thereby reducing immediate mortality risk. In con-
trast, patients with more severe physiological derangements or lower TRISS scores may have been prior-
itized for rapid transfer, contributing to higher mortality in the “optimal transfer” group. These findings
suggest that rapid transfer does not uniformly benefit all trauma patients. Instead, patient stability, injury
severity, distance, and the quality of initial care should be carefully considered when planning interhos-
pital transfer. Tailored transfer strategies that account for these factors may be more effective than a

uniform emphasis on minimizing transfer time alone.
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Delayed Occlusion of the Left
Superficial Femoral Artery Fol-
lowing High-Energy Lower Ex-
tremity Trauma: A Case Report

UN.N3Y WHUYAT' HAUNTANIA ATNBI013T°

ABSTRACT

Peripheral vascular injury is a serious but
sometimes underrecognized complication in pa-
tients with high-energy extremity trauma. Intimal
disruption of the artery may lead to delayed
thrombosis and subsequent limb ischemia if early
signs are missed. Prompt recognition and timely
surgical management are crucial to optimize limb

salvage outcomes.
CASE PRESENTATION

A 19-year-old male sustained bilateral femoral
fractures and an open right tibial fracture with pal-
pable distal pulses following a motorcycle colli-
sion. Initial management included debridement
and open reduction with internal fixation of the
right tibia. Two days postoperatively, the patient
developed pallor, coldness, and loss of distal
pulses in the left leg. Computed tomographic an-
giography demonstrated distal superficial femoral

artery (SFA) occlusion.
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Twenty hours after symptom onset, the patient
underwent exploration and revascularization with
a 4.5-cm. PTFE interposition graft, accompanied
by fasciotomy and external fixation of the femur.
Subsequent debridement of necrotic posterior
compartment muscle was required. Definitive fixa-
tion with intramedullary nails was later performed,
and the limb was successfully salvaged. The pa-
tient achieved partial weight-bearing ambulation

upon recovery.

DISCUSSION

This case highlights the importance of se-
rial vascular examinations in trauma patients, as
palpable pulses do not exclude vascular injury. In
the presence of hard signs of vascular injury, im-
mediate surgical intervention should be prioritized
over advanced imaging to prevent treatment de-
lay with few exceptions such as patient with multi-
level injury. Assessment of ischemic severity using
Rutherford classification may be unreliable in cas-
es with concomitant nerve injury. Partial muscle
necrosis does not always necessitate amputation
if viable tissue remains. Multidisciplinary collab-
oration among trauma, vascular, and orthopedic
teams, together with effective communication
with the patient’s family, is essential to optimize
outcomes and mitigate reperfusion-related com-

plications.
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CONCLUSION

Delayed arterial occlusion can occur even
in the presence of initially palpable pulses. Se-
rial assessment and coordinated multidisciplinary
management are key to achieving successful limb
salvage and minimizing morbidity in vascular trau-

ma.

KEYWORDS

peripheral vascular injury; delayed thrombosis;

limb salvage; fasciotomy; trauma surgery
unii

AMrUInRUTemaendenduUany (periph-
eral vascular injury) WunmeinuldlugtiegUfive
MAUTULTIE lngiamgddiensegniinvany
FIUVLS  §99190N159ARUYDIIADALIDALAIIINNTS
Anvavestuluvasniden (intimal tear) kagfinnie
YIAHEATB95819A (imb ischemia) neviaala wnlyl
lfunisasauazsnwiegwiuviieg envdilugnisasy

\@Y5819ABE190175

[

ngUseeA

Wesesunsdifnugtneunduangtimg
nanuULTAnnnzraendenuauuIde (superficial
femoral artery; SFA) gafulunmendsuindrdnasi
winlsalumeuusniuiUeduinlinisidedelsesinle
Fudnamzunsndewrilindmidons suseAuse
Uszipudrglunsitdadouaznissnu
/M3

enudtlenelngeiy 19 U Uszauglfimg
S0INTYIUYUABUIONTZUY ﬁmagmzaﬂﬁumﬂgﬁaaq
%’NﬁnLLazmz@Jﬂwﬁ'}LLSEJ’qsmﬁmLUULﬂﬂiﬂﬂﬂéﬂ%ﬂ%ﬁ
Wildane 2 479 18sunnsrdaidemeanazidindanss
nzgnMUdeuI dermun1IzuIg1eTn 1y waylid
ANA3 9533 CT angiography (CTA) WUN15ARUYDY
NaoALdDALAIRUYIYE (superficial femoral artery)
SedsauSnuTlsaneunadses

NAANS

dUrglasunisdndisianaginnisievias
\denmevasadeniisy  (Polytetrafluoroethylene;
PTFE) graft A1u817 4.5 @3, TIUAU fasciotomy Lay
mendmundmdoneunsdily  posterior  com-
partment  lgSumsrndindaifoidefinneoen (com-
partmental resection) sioulasun1sld intramed-
ullary nail finsggnauavisaosdng ndsanduging
aunsatuasiminlalazaunsaiushwseantile
Tneliidassinn

aAUs1e

nsAanInasarulanelalussezusnlidaiuise
AnnMzvaeadenunlduls  msiinsRnaIunsae
F(serial examination) wietlostunsifadeadh lu
Q’ﬂwﬁﬁé’ﬁg@mé’umwUﬁﬁwaﬂ’jmaa@Lﬁammmﬁu
9819tmaU (hard sign) Aslasunisdiniuflagly
Idudowsn CTA yansdl MIUssidiuaIuuls
294 limb ischemia o1aluausadaniu Rutherford
classification savuals iflesainenafinisuniduse
Wulszamaiwene  nsdedulanusnusensaldans
gAnI scoring system (WU Mangled Extremity se-
verity score) 9819LAET AITVINIAYTINARAIUIVITN
(multidisciplinary team) w¥eunisdeansiugiiouay
Yrifieufudenmssnuvanzauigalugioe
UAAYIIY
GEL

N1IENAOALEDALAIYARUATENAINITUIA
Guannsaintuudlusiefinsiainasdudanslaly
SYETUIA  NIIRRAINDINITRENINATALAENTUTEAU
NuYpITNENaIvIiunuImd Ay lunisannisanLde
sosduanifialoniamsitunnisiuesiae
AEARY
peripheral vascular injury, delayed thrombosis,

limb salvage, fasciotomy, trauma surgery



43 The Thai Journal of Trauma (Volume 44 Issue 2, July-December 2025)

ayuneasideaegiian

Aevelneey 19 U duseweslon susanssug W
dau 3nnsalls Auviaesineiingy ¥1vingy
Primary survey:

no immediate life-threatening conditions
Secondary survey:
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DIAGNOSIS

1. Open fracture both bones right leg

2. Closed fracture femur both legs

FIRST OPERATION

Systematic debridement with ORIF with
plate and screws at right tibia and skeletal trac-
tion both legs
In hospital complication:

Acute arterial occlusion left leg 2 days
after operation.

CTA both lower extremities:
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PA and absent contrast at mid ATA, PTA and pero-

neal artery

A 2
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PULSE AND HANDHELD DOPPLER EXAMINATION
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Penetrating Anterior Neck In-
jury with Through-and-Through
Right Common Carotid Artery
(CCA) Injury: A Case Report

Ploytip Jansiriyotin' Natawan Limrawikul” Pagorn Limwattana® and Warit Werawatakul’

ABSTRACT

Penetrating neck trauma is not uncommon
in Thailand. Whether accidental or intentional, the
management depends on presenting signs and
symptoms. Immediate control of hemorrhage and
airway protection of the airway compromise are
paramount, followed by timely decisions regarding
definitive surgical repair. Traditional management
using the three-zone approach has increasingly
given way to the “no-zone” strategy, suided by
modern diagnostic imaging. This report highlights
emergency decision-making for airway and bleed-
ing control, zone-based versus no-zone evaluation
with computed tomography angiography (CTA),
operative findings of a through-and-through CCA

injury, and postoperative care and follow-up.
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INTRODUCTION

Mechanisms of neck trauma may be blunt
or penetrating, vary in energy level , and involve
single or multiple structures'. The victim can be
injured accidentally or intentionally. Penetrating
neck injury patients were classically managed by
3-zone approach purposed proposed by Monson
DD et al” and modified by Roon and Christensen’.
The anatomical zone of the wound gives a raise in

suspicion for injury.
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Zone 1, from manubrium to cricoid cartilage, great
vessels including subclavian and carotid injury
must be ruled out, along with zone 2, from cricoid
cartilage to angle of mandible, giving a high sus-
picious suspicion in laryngotracheal injury as well
as cervical esophagus, and the last, zone 3, with
distal common carotid arteries and jugular veins in
mind®. The investigation and treatment strategies
by zone were once in common among attending
surgeons. However, as the diagnostic investigations
continue to improve and be widely used, No-zone
approach era becomes known’. Most penetrating
neck victims will perform computed tomography
angiogram (CTA) of the neck to exclude vascular
injury, followed by selectively by flexible laryngos-

copy and esophagoscopy’.

The management also depends on wheth-
er life-threatening condition presents. Hard signs
and overt symptoms, including massive hem-
orrhage and airway compromise, mandate the
patients to be emergently control of such con-
ditions”: pressure for bleeding and intubation for
airway control. After emergency control, further
imaging, especially CTA will be suggested®. In
more stable patients with soft signs and moderate
symptoms, regardless of the zone, diagnostic in-

vestigations will guide the management.

The situation in this case report was not
uncommon in Thailand. The decisions on emer-
gency airway management and definite treatment
strategy, whether mandatory neck exploration or

investigation-guided, were worth discussed.

PATIENT INFORMATION

A 40-year-old Thai woman with well-con-
trolled rheumatoid arthritis was struck in the an-
terior neck by a metallic spike while using a lawn
trimmer. The foreign body remained impaled in
situ. Her neck progressively swelled; she had mild
hoarseness without stridor, active external bleed-
ing, hemoptysis, hematemesis, drooling, or subcu-
taneous air. She was sent to our trauma center
after trauma team consultation. The attending
surgeon suggested not to intubate the patient or
cervical spine immobilization with conventional
hard collar. Patient’s head was elevated to pro-
tect the airway from collapse and secretion. She
had intravenous (IV) access and nothing-per-oral
order. IV antibiotics and tetanus toxoid were also
administered.

CLINICAL FINDINGS

At resuscitation room, a structured primary

survey was performed:

« No exsanguinating arterial bleeding at the
wound due to foreign body impalement

« Patent airway with mild hoarseness, cervical
spine motion restriction by rigid collar from the
previous hospital, impaled object was passed
through the collar’s space

¢« Normal chest movement, no chest wall ten-
derness, equal bilateral breath sound

« No hypotension or active external bleeding

« Good consciousness with oriented to time,
place, person; Pupil 3 millimeters with react to
lisht both eyes; no lateralizing signs

« No other external wound, log roll or per rectal
examination were not done

+ The blood pressure was 108/75 mmHg, heart
rate was 82 /minute, respiratory rate was 16 /
minute, oxygen saturation was 100% on room

air.
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After life-threatening conditions were ex-

cluded. The neck was examined in-detailed.
The injured site was progressively swelling but not
expanding. There was no audible bruit or palpable
thrill. The patient’s gross motor power was full in
all extremities. She denied dyspnea. We decided
to remove the rigid collar. The impalement was
shown in Fig 1.

Figure 1

The patient’s neck with sharp

foreign body impaled at the

midline of the anterior neck.

DIAGNOSTIC ASSESSMENT

After penetrating neck injury Zone 2 with
foreign body impalement was provisionally sus-
pected. Routine laboratory tests were obtained
for preoperative preparation. Plain radiography of

the neck was sent as Fig 2.

Figure 2
Plain radiograph of the neck demonstrating the impaled object

and soft tissue swelling with tracheal shift

The film showed a sharp object stuck at
right side of the neck, adjacent to the trachea with
soft tissue swelling resulting in trachea shift to
the left. The depth was extended to the cervical
spine.

After trajectory identification, CTA of the
carotid and thoracic great vessels were requested.

Findings were shown in Fig 3 and 4.

Figure 3
Axial view of CTA carotid showing the enhancing object through
the right CCA

Figure 4
Coronal and sagittal view of CTA showing a sharp object penetrat-
ing right CCA with adjacent clot. The trajectory extending toward

right vertebral artery and cervical spine.
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THERAPEUTIC INTERVENTION

Penetrating anterior neck injury zone 2
with right CCA injury was diagnosed. The plan was
removal of the foreign body under general anes-
thesia (GA) and primary repair right CCA. Prosthetic,
PTFE graft and commercial shunt were prepared
for contingency. Airway team was requested. Vid-
eo laryngoscope was applied. Right vocal cord
paralysis and left vocal cord pressurization were
visualized. Otorhinolaryngology was consulted in-
traoperatively; tracheostomy was recommended.
Meanwhile, intubation was successfully achieved.

The incision was made at anterior to right
sternocleidomastoid (SCM) muscle plane. The tra-
chea was identified and found intact. The spike was
penetrated laterally to right thyroid lobe. Bleeding
from the lacerated thyroid was controlled with
continuous 3-0 Vicryl sutures. Dissection proceed-
ed to the right carotid sheath, exposing a through-
and- through CCA injury as Fig 5 and 6.

Figure 5 The injury site at right CCA

Figure 6 Impaled object with post thyroid repair

Proximal and distal CCA control was ob-
tained with vessel loops, followed by vascular
clamps. Total clamp time was 7 minutes for ob-
ject removal and primary repair of both entry and
exit sites. After partial release, blood flow was re-
stored, thrombus was evacuated by flow pressure
itself, and pulsatile flow confirmed before defini-
tive knot-tying. Hemostasis was secured, and the
wound irrigated with normal saline as shown at Fig

7 prior to layered closure.

Figure 7
Neck structure after repairing right lobe of thyroid and right CCA

The patient remained intubated for 7 days
to ensure wound healing. An open tracheostomy
was performed with commercial tube number 7 at
postoperative day 8 to ensure complete healing

of the collar incision.
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She was weaned from mechanical ventilation the
same day. Flexible laryngoscopy was done by
otolaryngologist consultant. True vocal cord could
move but incomplete glottis closure. Occupation-
al therapist initiated voice and swallowing reha-
bilitation. She was discharged at day 9 with size
5 silver tracheostomy tube. The motor function

remained normal.
FOLLOW UP AND OUTCOMES

At postoperative day 14, otolaryngolo-
gy follow-up showed complete recovery of true
vocal cord motion. The patient had normal res-
piration, a clear voice, and effective swallowing.
The tracheostomy was capped for breathing trials
and subsequently decannulated. Breathing exer-
cises continued at home. Duplex ultrasonography
demonstrated normal carotid flow without steno-
sis or turbulence. There were no focal neurologi-

cal symptoms such as weakness, ataxia, or vertigo.

DISCUSSION

Currently, penetrating neck trauma, either low or
high energy, is currently was managed using by the
no-zone approach’. Penetrating neck trauma with
controllable overt symptom, or, more stable type,
moderate symptoms with soft signs, would under-
go CT angiography with selectively bronchoscopy
or esophagoscopy™.

Our patient presented with impaled sharp
object with soft signs of marked soft tissue swelling
concurrent with high suspicious site of vascular in-
jury. The impaledment site was guided usour sus-
picion to consider main airway injury as the object
stuck at midline anterior neck. The film showed
extension at right neck. Together with no hemate-
mesis or drooling, cervical esophageal could be

excluded.

After CTA was done, laryngotracheal penetration
could be ruled out due to the trajectory away
from midline. Bronchoscopy and esophagoscopy
then were not mandatory.

The mainstay incisions for neck exploration
were collar incision and standard neck exploration
at anterior to left SCM". The question had raised
due to the appropriateness of the incision at right
side of the neck. After cervical esophageal injury
was excluded, left side approach was no further
required. After discussion with senior trauma sur-
geons, right neck exploration via right SCM was de-
cided. Incision extension to collar line to be hock-
ey-shape was planned.

Fortunately, the larynx and trachea were
safe. Right CCA was encircled meticulously. CCA
was clamped only for controlling the bleeding
during repair. Intraoperative stroke was concerned"
according to lowering cerebral blood flow during
carotid clamping. Prolonged carotid clamping time
more than 18 minutes was an independent factor
for early carotid restenosis””. On the other hand,
carotid shunting might be an alternative option™.

In this case, primary CCA repair was the
procedure of choice over interposition graft due
to well-preserve stump after necrotic vessel wall
debridement. The graft will be concerned if nar-
rowing of the repaired site occurs.

Prophylactic tracheostomy for traumatic
vocal cord paralysis has pros and cons. Such early
intervention would reduce duration of mechanical
ventilation" and incidence of ventilator-associated
pneumonia’®. While the benefits of early tracheos-
tomy were discussed, contamination of carotid su-
ture line and carotid anastomosis disruption were

to be considered"’.
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This report has a limitation: there was
no mentioned about vertebral artery and cer-
vical spine management after object remov-

al. The physician had concerned on postop-

can be life-threatening by vascular or
aerodigestive compromises. Timely and systemat-

ic management is mandatory.

erative bleeding and cerebellar

INFORM CONSENT

stroke. The
The patient was informed consent and her

general neurological status was examined. Post-

medical record was permitted to be shared with-

operative duplex carotid ultrasound was done.

) ) out any patient identification
In conclusion, penetrating neck trauma

with CCA injury is not uncommon and
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Optimizing Intraoperative Vital
Signs Surveillance in Patients
Receiving Local Anesthesia
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ABSTRACT

Monitoring vital signs for monitor adverse
reaction during local anesthesia was alert in all pa-
tients, whereas each patient has a difference risk
of adverse event. Over-frequency monitoring of vi-
tal signs, especially blood pressure, such as every
5 minutes continuously throughout surgery can
cause discomfort to the patients. Squeezed by the
blood pressure measuring device can cause red-
ness, pressure sores, or injury to the skin. There-
fore, appropriately monitoring patient vital signs
based on individual risk factors will help ensure
patient safety, reduce preventable complications,
and improve patient comfort and satisfaction

during surgery
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procedure AUty | Ysuans | uieesau
(%) (mU) (mg)
Infiltration
- Percutaneous 05% 1 | 1-60 5 - 300
- Intravenous regional 0.5 10 - 60

Peripheral nerve blocks

- Brachial 1.5 15-20 225-300
- Dental 2 1-5 20-100
- Intercostal 1 3 30

- Paravertebral 1 3-5 30-50
- Pudendal 1 10 100

- Paracervical Obstetrical 1 10 100
analgesia

Sympathetic nerve block

- Cervical 1 5 50

- Lumbar 1 5-10 50-100
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1% 1:200,000 10 5 7
1.5% 1:200,000 15 5 6.5
2% 1:200,000 20 5 6
1% 1:100,000 10 10 7
2% 1:100,000 20 10 6
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