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Abstract

Background: Lengthy hospitalization may lead to an increased hospital-acquired patient complication, including infections, as well as
increased costs for both healthcare systems and patients. A few studies evaluated the impact of various clinical and demographic variables on
patients' length of stay (LOS). Hence, in this study, we aimed to investigate the impact of various variables on traumatic patients' LOS.

Methods: This is a retrospective single-center, registry-based study of traumatic patients admitted to Taleqani, a major trauma center in
Kermanshah, Iran. A Minimal Dataset (MDS) was developed to retrieve traumatic data on demographic and clinical aspects. We used
univariable and multiple quantile regression models to evaluate the association between independent variables, including ISS, GCS, and SBP,
with LOS. LOS is practically defined as the time interval between hospital admission and discharge. The LOS durations have been presented
as median (Q1 to Q3) hours. A p-value of <0.05 was considered statistically significant.

Results: A total of 2708 cases were included in this study, with 1989 (73.4%) of them being male. The median LOS was 87.00 (48.00 to
144.00) hours. When adjusted for systolic blood pressure (SBP), Glasgow Coma Scale (GCS), Injury Severity Score (ISS), and cause of injury,
the two characteristics of spine/back and multiple trauma were significantly associated with the higher LOS, with 43 (20.5 to 65.48) and 24
(10.39 to 37.60) hours more than extremities (P < 0.001 and P = 0.005). Besides, the patients admitted due to road traffic injuries (RTI) were
discharged 16 and 41 hours later than falling and cutting/stabbing (P = 0.008 and < 0.001, respectively). Moreover, the patients with ISS>16
and 9<ISS<15 had a median of 51 (21 to 80) and 34 (22 to 45) LOS hours more, compared to 1<ISS<8, respectively (P < 0.001). The trauma
cases experiencing SBP < 90 mmhg on admission had a median of 41 (20 to 62) hours more hospitalization period than those with SBP> 90
mmhg (P <0.001). At last, the patients with GCS of 9 to 12 and GCS of 3 to 8 were hospitalized for 39 and 266 hours more than GCS of 13 to
15 (P <0.001).

Conclusion: Determining independent determinants of prolonged LOS may lead to better identifying at-risk patients on admission. Trauma
care providers should consider the following risk factors for increased LOS: higher ISS, Lower GCS, and SBP, multiple trauma or spine
injury, and trauma resulting from falling or cutting/stabbing. As a result, the impact of extended LOS might be reduced by intervening in the
related influencing factors.
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Introduction

Prolonged hospitalization is determined as the amount
of excessed days a patient resides in the hospital after be-
ing considered medically dischargeable from the hospital
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(1). Lengthy hospitalization may increase hospital-
acquired patient complications, including infections and
costs for healthcare systems and patients (2). Therefore,

1What is “already known” in this topic:

Extended stays in the hospital can result in more complications for
patients, such as infections, and can also lead to higher costs for both
healthcare systems and patients. Some studies have examined how
different factors, including clinical and demographic variables, can
affect the length of a patient's stay (LOS). However, not too much
effort was made to determine the effect of different factors on trauma
patients” LOS.

— What this article adds:

Higher ISS, Lower GCS, and SBP, multiple trauma or spine injury, and

trauma resulted from falling or cut/stab are the main risk factors for
increased LOS.
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an index was defined as Lengths of Stay (LOS) as the time
interval between hospital admission and discharge (3).

Prolonged hospitalization is associated with a remarka-
bly high burden on healthcare systems; lengthy hospitali-
zation may impact population productivity via spending
time within healthcare facilities. Therefore, reducing LOS
is an inseparable part of the quality of care (4-7). Despite
not being a comprehensive indicator of hospital costs (8),
LOS is a practical representative of hospital costs (9). Ar-
guably, many factors are believed to impact the length of
hospitalization; among them, ISS, age, and comorbidities
are known to influence independently (10).

Trauma registry centers have been developed in many
countries throughout the globe not only to expand trauma-
related research but also to better plan for resource alloca-
tions and improve quality care (11). In this regard, the
Iranian Ministry of Health and Medical Education
(MOHME) established the National Trauma Registry of
Iran (NTRI) in 2014, and its administrative responsibili-
ties were appointed to the Sina Trauma and Surgery Re-
search Center (STSRC). Many referral trauma centers
within the country have joined the program since then.
Details have been elaborately discussed elsewhere (12,
13).

So far, a multitude of studies has tried to determine the
impact of patient's clinical and demographic findings at
admission on death, ICU admission, and mechanical ven-
tilation (14, 15). Some LOS calculators have been devel-
oped for non-trauma cases. Even for surgery cases, the
National Surgical Quality Improvement Program (NSQIP)
risk calculator has been developed for LOS prediction (16,
17). Although some demographic and clinical factors are
known to impact the LOS in general admissions, including
age, gender, marital status, occupation, method of pay-
ment, and history of admission (18), nonetheless, little
effort has been made to investigate the influence of vari-
ous clinical and demographic variables on LoS in trauma
patients.

This study reviewed the trauma patients admitted to
Taleghani Hospital in Kermanshah province, Iran, be-
tween November 2019 and March 2022, affiliated with the
NTRI. We first aimed to identify the association between
baseline demographic and clinical characteristics of trau-
ma patients and LOS; afterward, we determined inde-
pendent risk factors for protracted LOS.

Methods

Administration and participants

As discussed elsewhere (12, 13), to better respond to
healthcare quality, the Iranian Ministry of Health and
Medical Education (MOHME) granted the responsibility
of the National Trauma Registry of Iran (NTRI) to the
Sina Trauma and Surgery Research Center (STSRC) in
2014. The mission was not only to establish a base for the
research objective but also to assess and improve the pa-
tients' quality of care. In this retrospective cohort study,
we included each trauma patient consecutively admitted to
Taleghani Hospital in Kermanshah province, Iran, be-
tween November 2019 and March 2022. Patients trans-
ferred from the ICU of other centers and imminent post-
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trauma deaths, i.c., in-hospital deceased cases within 24
hours after admission to trauma centers, were also includ-
ed in this study. Patients discharged in healthy status in
less than 24 hours were excluded from the study. Length
of hospital stay (LOS) was considered as the primary out-
come in this study. Data for each enrolled patient was
retrieved from recorded documents. A trained registrar
also performed another round of interviews with them or
their next of kin, in case the patient was not able to per-
form a review, to check the accuracy of entered data for
each patient.

Registry process

Three trained registrars majoring in medical sciences
filled out questionnaires via direct face-to-face interviews.
If the patient could not interview at the time, the interview
was performed with an informed acquaintance of theirs.
Further data were retrieved via the center's database, also
known as the Health Information System (HIS). All data
were consolidated and eventually uploaded to the NTRI
web-based portal. An external assessor appraised data for
its completeness and validity. Finally, according to guide-
lines developed by Advancement of Automotive Medicine
(AAAM), a surgeon evaluated the injury severity-related
data utilizing the Abbreviated Injury Scale (AIS), AIS pre-
dot code, and Injury Severity Score (ISS).

Variables

According to the NTRI protocol, the adopted MDS for
this study encompassed 99 variables (12): emergency de-
partment information (n=23), prehospital data (n=22),
injury characteristics (n=20), demographic data (n=18),
outcomes (n = 6), injury severity indicators (n=3), finan-
cial points (n = 3), diagnosis (n=2), and procedures (n =
2).

Among the major injury causes, there were four main
categories: road traffic injuries (RTIs), penetrating injuries
from stabs and/or cuts, falling injuries, and others. Taking
into account WHO definitions (19), a fall is an uninten-
tional drop to the ground or lower level. In this study, sev-
eral categories of injuries are listed under "others," includ-
ing drowning, animal attacks, burns, heat injuries, and
unknown causes. Patients' educational backgrounds were
broken down into four categories: tertiary education for
those with collegiate education, secondary education for
those with high school degrees, primary education for
those with primary school degrees, and no formal educa-
tion for those without education.

The severity of injuries was graded using the abbreviat-
ed Injury Scale (AIS). The Injury Severity Score (ISS),
which ranged from 1 to 75, was then determined using the
AIS scores (20, 21). A patient with an injury in at least
two body zones with AIS greater than two was deemed a
case of multiple trauma (22, 23). GCS was divided into
three categories based on the literature (24): mild injury
(13-15), moderate (9—12), and severe (3-8).

Systolic blood pressure (SBP) less than 90 mmHg was
established as the criterion for low SBP. HR higher than
100 beats per minute was considered tachycardia. A res-
piratory rate (RR) of 20 or higher was considered tachyp-
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nea, an SPO; of 90% indicated hypoxemia, and a tempera-
ture of 36 or less indicated hypothermia.

Statistical analysis

Frequency and percentage were used to describe nomi-
nal and categorical variables. Quantitative variables with-
out normal distribution are presented as median (Q1l to
Q3). Due to the abnormal distribution of LOS in this
study, we utilized univariable and multiple quantile re-
gression models to evaluate the association between inde-
pendent variables with LOS. Histogram and Shapiro-Wilk
test were used to confirm LOS did not follow a normal
distribution pattern. A p-value of less than 0.05 was con-
sidered statistically significant. Statistical analyses were
conducted using the STATA software version 15.0 (Stata
Corp, College Station, TX, USA).

Results
In this study, the median LOS was 87.00 (48.00 to

144.00) hours. The mean (SD) for LOS was 143.13
(231.81) hours. A total of 2708 cases were included in this
study. The male-to-female ratio was almost 3:1 (73.4%,
n=1989 vs. 26.6%, n=719). The average age (meantSD)
was 38.69420.16 in males and 50.39+23.93 years in fe-
males.

Educational level was negatively associated with LOS,
as patients with tertiary and secondary education had a
median of 27 and 14 hours shorter hospitalization duration
(P < 0.001). Statistically significant, patients admitted
with intentional injuries experienced 23 hours' of shorter
hospitalization compared to unintentional injuries (P <
0.001). Besides, Trauma patients admitted due to RTI
were discharged 12 and 49 hours later than falling and
cut/stab trauma, respectively (P = 0.009 and P < 0.001).
However, the fewest number of patients were admitted to
the hospital at midnight shift, i.e., 00-06 (13.8%, n=374),
the most statistically significant protracted hospitalization
period attributed to this group (P < 0.001, median: 105

Table 1. Univariable quantile regression of association between demographic characteristics and patients’ LOS . N=2708

Variable N (%) Median LOS (Q1 to Q3) hours Coefficient (CI 95%)F P-value
Gender
Male 1989 (73.4) 86.00 (48.00 to 140.00) 1
Female 719 (26.6) 91.50 (49.75 to 158.00) 6 (-1.20 to 13.20) 0.102
Age
<18 345 (12.7) 66.50 (42.00 to 110.50) 1
18-64 1876 (69.3) 87.00 (48.00 to 144.00) 20 (10.54 to 29.45) <0.001
> 65 487 (18) 106.00 (66.00 to 166.00) 39 (27.65 to 50.34) <0.001
Marital status
Married 1594 (58.9) 92.00 (51.00 to 157.00) 1
Single 962 (35.5) 71.00 (44.00 to 120.25) -20 (-26.55 to -13.44) <0.001
Divorced/widowed 146 (5.4) 114.00 (71.50 to 180.00) 22 (8.16 to 35.83) 0.008
The interval between Trauma and
admission (min)

<100 1493 (55.1) 84.00 (4.00 to 138.00) 1

> 100 1069 (39.5) 92.00 (58.00 to 155.00) 8 (1.24 to 14.75) 0.024
Education
No formal education 618 (22.8) 98.00 (62.00 to 165.50) 1
Primary education 490 (18.1) 91.00 (50.00 to 156.25) -7 (-16.56 to 2.54) 0.151
Secondary education 1312 (48.4) 84.00 (46.00 to 137.00) -14 (-21.71 to -6.28) <0.001
Tertiary education 265 (9.8) 70.50 (43.25 to 112.00) -27 (-38.61 to -15.38) <0.001
Mechanism of trauma
Unintentional 2478 (91.6) 89.00 (50.00 to 145.25) 1
intentional 228 (8.4) 66.00 (42.00 to 113.00) -23(-33.71 to -12.28) <0.001
Cause of Injury
RTI 1054 (38.9) 98.00 (60.00 to 173.00) 1
Falling 1267 (46.8) 86.00 (49.00 to 137.75) -12 (-18.91 to -5.08) 0.009
Cut/stab 293 (10.8) 49.00 (36.00 to 87.25) -49 (-59.99 to -38) <0.001
Others 94 (3.5) 101.50 (60.25 to 186.75) 4(-13.83t0 21.83) 0.439
Occurrence time
00-06 374 (13.8) 105.00 (59.00 to 155.00) 1
06-12 529 (19.5) 74.00 (47.00 to 124.00) -31(-42.16 to -19.83) <0.001
12-18 927 (34.2) 91.00 (47.00 to 145.25) -14 (-24.12 to -3.87) 0.006
18-24 877 (32.4) 87.00 (49.00 to 138.00) -18 (-28.21 to -7.78) <0.001
Hospital Transportation
Ambulance 1208 (44.6) 108.00 (64.00 to 183.00) 1
Private car 1444 (53.3) 71.50 (44.00 to 120.00) -36 (-42.59 to -29.40) <0.001
Others 55(2) 81.00 (50.00 to 186.00) -27 (-50.26 to -3.73) 0.022
Body Region
Extremities 1722 (63.6) 80.00 (47.00 to 128.00) 1
Head and neck 279 (10.3) 88.00 (45.00 to 190.00) 8 (-3.40 to 19.40) 0.169
Thorax 87 (3.2) 94.00 (46.00 to 142.00) 14 (-5.49 to 33.49) 0.159
Abdomen 32(1.2) 89.50 (43.50 to 183.00) 13 (-18.47 to 44.47) 0.417
Spine and back 115 (4.2) 119.00 (86.00 to 189.00) 39 (22.00 to 59.90) <0.001
Multiple Trauma 473 (17.5) 115.00 (65.00 to 208.00) 35(25.83 t0 44.16) <0.001
RTI: Road Traffic Injuries
T Quantile regression was utilized to calculate coefficient (CI 95%).
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Table 2. Univariable quantile regression of association between clinical characteristics and LOS. N=2708

Variable N (%) Median LOS (Q1-Q3) hours Coefficient (CI 95%) P-value
SBP (ED)

<90 84 (3.1) 71.00 (42.00 to 140.00) 1

>91 2616 (96.6) 88.00 (49.00 to 144.00) -17 (-35.78 to 1.78) 0.071
Heart rate (ED)
<100 2621 (96.8) 88.00 (49.00 to 144.00) 1

> 100 82(3) 83.00 (45.00 to 137.75) -5(-23.77 to 13.77) 0.601
Respiratory rate (ED)
<20 2035(75.2) 91.00 (52.00 to 155.00) 1

>20 657 (24.2) 71.00 (42.00 to 123.00) -20 (-27.40 to -12.59) <0.001
02 Saturation (ED) (%)

>90 1811 (66.9) 93.00 (61.00 to 157.75) 1
<90 125 (4.6) 162.50 (92.25 to 341.50) 73 (56.29 to 89.70) <0.001
Temperature (ED) (°C)

> 36 2597 (95.9) 61.00 (47.50 to 119.00) 1
<36 13 (0.5) 87.00 (48.00 to 141.00) 26 (-20.19 to 72.19) 0.273
GCS
13-15 2437 (90) 84.00 (47.00 to 135.00) 1
9-12 226 (8.3) 141.50 (83.75 to 308.75) 58 (46.29 to 69.70) <0.001
3-8 37(1.4) 422.00 (186.00 to 1002.00) 338 (309.34 to 366.65) <0.001
1SS
Mild (1-8) 1992 (73.6) 72.00 (44.00 to 126.00) 1
Moderate (9-15) 626 (23.1) 117.00 (76.00 to 190.50) 45 (37.41 to 52.58) <0.001
Severe (>16) 67 (2.5) 185.00 (96.00 to 430.00) 113 (92.44 to 133.55) <0.001

SBP: Systolic Blood Pressure; ED: Emergency Department; ICU: Intensive Care Unit; LOS: Length of Stay; ISS: Injury Severity Score; RTS: Revised Trauma Score; *

Not/ Applicable due to small number

Tables 3. Multiple quantile regression of association between LOS and major demographic and clinical characteristics of patients

Variable Adjusted coefficient (CI 95%) P-value
Body Region

Extremities 1

Head and neck 0 (-16.28 to 16.28) 1.000

Thorax 5(-22.14 t0 32.14) 0.710

Abdomen 25 (-19.90 to 69.90) 0.274

Spine and back 43 (20.5 to 65.48) <0.001
Multiple Trauma 24 (10.39 to 37.60) 0.005

SBP (mmhg)

=90 1

<90 41 (20.26 t0 61.73) <0.001
GCS

13to 15 1

9to 12 39 (22.73 to 55.26) <0.001
3t08 266 (223.06 to 308.93) <0.001
ISS

<9 1

9to 15 34 (22.45 to 45.54) <0.001
>16 51 (21.46 to 80.53) <0.001
Cause of injury

Road traffic accident 1

Fall -16 (-26.70 to -5.29) 0.008

stab/cut -41 (-58.57 to -23.42) <0.001
others 16 (-11.30 to 43.30) 0.249

hours). Patients with a pre-hospital delay of more than 100
minutes had stayed, on average, 8§ hours more than those
with a pre-hospital delay of less than 100 minutes (P =
0.024). The median of patients' LOS was 39 (22.00 to
59.90) and 35 (25.83 to 44.16) hours more when the injury
was located in the spine/back and multiple sites, respec-
tively, than those in extremities (Table 1).

Patients experiencing hypoxemia stayed on 73 (56 to
90) hours more (median, Q1 to Q3) (P < 0.001). Based on
the GCS category previously explained in methods, pa-
tients with severe and moderate injuries had significantly
338 (309 to 366) and 58 (46 to 70) hours more hospitaliza-
tion, respectively, than mild injuries (median, Q1 to Q3)
(P < 0.001). Foresightedly, patients with ISS>16 and
9<ISS<15 had a median of 113 (92 to 134) and 45 (37 to
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53) LOS hours more, compared to ISS<8, respectively (P
<0.001) (Table 2).

When adjusted for other factors, including SBP, GCS,
ISS, and cause of injury, spine/back, abdomen, and multi-
ple trauma were the first three sites of injury associated
with the highest LOS, with 43 (20.5, 65.48), 25 (-19.90,
69.90), and 24 (10.39 to 37.60) LOS hours more than
those localized in extremities, respectively; nevertheless,
the prolonged LOS in abdominal injuries was not statisti-
cally significant. Besides, after adjustment, the median
LOS in patients with severe and moderate injuries, based
on the GCS category, was 266 and 39 hours more than in
mild injuries. Moreover, following adjustment for other
factors, patients with ISS>16 and 9<ISS<15 had a median
of 51 (21 to 80) and 34 (22 to 45) LOS hours more, com-
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pared to ISS<8, respectively (median, Q1 to Q3) (P <
0.001). Eventually, even after adjustment, RTIs had the
significantly most prolonged LOS (Table 3).

Discussion

Prolonged hospitalization length burdens society and,
more specifically, healthcare systems (7). In this single-
center, registry-based study, we have investigated the as-
sociation between 2708 patients' clinical and demographic
findings and LOS, utilizing a univariable and multiple
quantile regression.

The median LOS in this study was 87 hours, i.e., 3.6
days, much less than many previous studies. Length of
hospitalization was investigated in a study of 241,268
patients from 82 Japanese hospitals of 19 major Diagnos-
tic Categories (MDS), and overall mean LOS days was
revealed as 22.15, which was almost 2-6 times longer than
in other countries (25). The rationale behind this consider-
able difference is due to different strategies in patients'
admission in Western and Eastern countries. Moreover,
they did not limit their inclusion criteria to trauma pa-
tients. However, LOS in traumatic patients is believed to
be almost 50% more compared to general admissions (26).
More specifically, in trauma cases, the LOS was measured
in a bulk of studies on trauma patients. In a study of 7,990
patients above 18 in the United States, the mean LOS was
6.23 days (27). Besides, nearly 180,000 Canadian trauma
patients had a mean LOS of 9.4 days (26). The median
LOS was seven days in a large Spanish study on 16,000
trauma cases (28). Altogether, the variability in trauma
care organizations and injury patterns between countries
makes it difficult to compare LOS between countries.

Despite the major difference in LOS duration with stud-
ies outside the country, most studies within the country
showed similar results. In a five-year study of more than
22,000 trauma cases, the mean LOS was 84 hours (29).
However, lower LOS was reported in some previous stud-
ies within the country. In a study of 849 traumatic cases
published in 2017, 53% had a LOS > 48h, much less than
ours (Q1=48) (30). Moreover, in a 588 pediatric trauma
cases study, the mean LOS was 3.2 days, i.e., 77 hours
(31). Previous local studies in Tehran, the capital of Iran,
reported a LOS of 5 to 7.8 days in traumatic cases, which
was a bit longer than our study (32-34). The remarkable
difference in LOS time in studies within and outside the
country might largely be due to distinct strategies for pa-
tient discharge in various countries. Furthermore, the low-
er age of trauma patients in Iran (13) compared to other
countries may affect the results.

Although previous studies assessed the impact of pa-
tients' comorbidities on LOS (10, 35), not so many stud-
ies, have been found to evaluate the effects of patients'
demographic and clinical characteristics in LOS. Our find-
ings suggest that body region, SBP, GCS, ISS, and mech-
anism of injury were the major variables independently
influencing patients' hospitalization. In line with our find-
ings, a previous study in the Iranian population revealed
that even after adjustment for other factors, higher ISS
scores increased the odds of lengthy hospitalization (36).

Bergeron et al., specifically, implemented a study on

994 traumatic patients. With a mean LOS of 15.3 days,
comorbidities, ISS, and age were the independent predic-
tors of LOS (10). It was clearly postulated that trauma in
senile cases yields an increased LOS compared to younger
populations; besides, as elders encompassed a large pro-
portion of admitted traumatic cases, imposing an exces-
sive financial burden on hospitals and healthcare systems
(37, 38). Furthermore, Loo et al. revealed that in traumatic
cases older than 65, age was a significant risk factor for
prolonged hospitalization (39). It was also concluded that
patients older than 80 years stayed 5.5 days longer in the
hospital (26).

Nevertheless, in one study, it was claimed that, when
adjusted for other factors, age was not an independent
factor significantly influencing patients’ LOS (38). In a
study of almost 82.000 trauma pediatric patients in the
US, similar to our findings, the spine and back, thorax,
and abdomen had significantly increased odds of pro-
longed LOS. However, on the opposite, they found that
injuries in the head and neck did not have a higher risk of
prolonged LOS (40). Moreover, in a large Canadian co-
hort study of over 126.000 trauma cases, injuries in the
spine stayed on for 3.1 days longer (26). Correspondingly,
spine and back injuries had the most protracted LOS sig-
nificantly in this study. All in one, age, body region, and
ISS were major factors affecting LOS.

In this study, we realized that patients with hypothermia
on admission had a longer LOS. Similarly, in the multi-
centre study of over 80.000 cases, hypothermic cases ex-
perienced prolonged LOS two times more than others
(OR=2) (40). Despite our findings, as GCS is a very relia-
ble predictor of prolonged LOS, even after adjustment for
other factors, the large Canadian cohort study dissimilarly
did not find any association between LOS and GCS (26).
However, similar to our findings, GCS was deemed as an
independent factor influencing ICU LOS in TBI cases
(15). Previous studies within NTRI also endorsed our
findings regarding the significant association between
higher ISS and extended LOS (13).

So many previous studies in large populations tried to
develop a predictive index for LOS; some of them includ-
ed not only clinical and demographic items but also uti-
lized non-clinical variables, including insurance status and
discharge destination (41-44). In this study, body region,
ISS, GCS, SBP, and mechanism of injury were the inde-
pendent variables affecting the LOS. In a study in South-
western Iran of over 14,000 trauma cases, age, gender,
mechanism of injury, infection, type of injury, survival,
and ISS were determinants that extended the hospitaliza-
tion duration. However, they claimed that the impact
might be reduced by "eliminating modifiable risk factors"
(45).

Conclusion
Finding independent determinants of extended LOS
may help healthcare providers better identify at-risk pa-
tients on admission. In this study, body region, ISS, GCS,
SBP, and mechanism of injury were the independent de-
terminants of LOS. Notwithstanding the unalterable nature
of ISS, GCS, SBP, and body region in trauma cases, by
http://mjiri.iums.ac.ir 5
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"eliminating the modifiable risk factors", the impact of
extended LOS might be reduced.
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