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Background: A significantly greater proportion of patients who die due to aspiration pneumonia were diagnosed with in-hospital
aspiration pneumonia (19%). The incidence and major predictors are not known clearly, especially in Ethiopia.
Objective: To determine the incidence and predictors of aspiration pneumonia among adult traumatic brain injury patients at Felege
Hiwot comprehensive specialized hospital, Bahir Dar, North west Ethiopia, in 2021.
Methods: An institution-based retrospective study was conducted from all admitted adult traumatic brain injury patients at Felege
Hiwot comprehensive specialized hospital from January 1, 2015 to December 31, 2020 for 51 days of survival. Descriptive statistics,
Kaplan–Meier survival curve log rank test, and the Cox proportional hazard regression model were used.
Results: A total of 396 adult patients diagnosed and admitted with traumatic brain injury in the past 5 years were included. Seventy
patients (17.67%) developed aspiration pneumonia, providing an incidence rate of 32.39 (95% CI=25-62–40.94) per 1,000 person days
of observation. Independent predictors were being referred for AHR (2.43; 95% CI=1.12–5.25), nasogastric tube insertion AHR (3.02;
95% CI=1.43–6.39), and baseline Glasgow coma scale <8 AHR (3.88; 95% CI=1.42–10.062).
Conclusion: Having a nasogastric tube and low baseline Glasgow coma scale were significant predictors. This improves prehospital
and hospital care during transportation and admission time.
Keywords: aspiration pneumonia, traumatic brain injury, Bahir Dar, Ethiopia

Introduction
Aspiration is often the result of impaired swallowing, which allows oral or gastric contents, or both, to enter the lung,
especially in patients who also have an ineffective cough reflex;1 when there is a decreased level of consciousness,
compromised airway defense mechanisms, dysphagia, gastroesophageal reflux, and recurrent vomiting.2

Decreased level of consciousness-related injury severity indicators are Glasgow Coma Scale (GCS) scores and
the duration of post-traumatic amnesia; even if GCS is the usual determination (classification) method.3 Commonly,
the severity of TBI has been determined according to GCS: mild (13–15 points), moderate (9–12 points), or severe
(3–8 points).4,5

Aspiration pneumonia is recognized as a significant clinical problem for survivors of TBI; a significantly greater
proportion of subjects who died due to AP were diagnosed with in-hospital aspiration pneumonia (19%), Patients with
AP also had a significantly larger proportion of subjects with longer rehabilitation length of stay and who were
discharged to nursing homes.6 Aspiration pneumonia is an infectious process because of inhalation of contaminated
oropharyngeal secretions, but aspiration pneumonitis is a chemical injury from inhalation of sterile gastric contents.7 The
proportion of AP cases among patients with community-acquired pneumonia was 14.2%;8 which represents 5–15% of
pneumonia in the hospitalized population.9
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Basic problems are possibly a lack of attention for extracranial complications, despite prevalent cause for morbidity
and mortality from TBI, infrequently studied problems, unknown usual time to occurrence of aspiration pneumonia and
risk factors of AP on TBI patients and its preventive mechanism, and absence of interventions necessary in the
prehospital environment (in the scene area and at transportation).

Therefore this study aimed to assess the usual time to occurrence of AP among TBI patients and risk factors for
development of aspiration pneumonia.

It showed the importance of prehospital interventions in prevention of these extracranial complications, and generally
noticed the magnitude of the problem and importance of prevention of AP to reduce the morbidity rate of TBI patients.
This study will be important for traumatic brain injury patients not to be victim of AP, since healthcare professionals can
intervene on possible risk factors and it gives information on the importance of rapid health seeking behavior.

This study will be used by healthcare providers as giving some insight on the prevention of this AP by identifying
timing and risk factors for its development.

Methods and Materials
Study Area and Period
This study was conducted at FCSH from admitted patients, found in Bahir Dar city (which is located at northwest
Ethiopia), and 565 km from Addis Ababa; between January 1, 2015 and December 31, 2020. Bahir Dar has tourism
areas like Abay river and lake Tana in the city and Tis-abay waterfall in the surrounds. FCSH serves >5,000,000
people of the region and Bahir Dar city. There are four governmental and four private hospitals in Bahir Dar city.
The surgical ward is equipped with 52 nurses, 11 general practitioners, six surgeons, one neurosurgeon, and 100
beds; whereas in the ICU there are 28 nurses, two general practitioners, and 12 beds (three for the surgical side)
(FCSH human resource).

Study Design
An institution-based retrospective study was conducted at FCSH on adult TBI patients admitted at the adult ICU and
surgical ward.

Source and Study Population
Source population: All adult TBI patients who were admitted at FCSH due to the diagnosis of TBI.

Study Population: All adult TBI patients from January 1, 2015 to December 31, 2020 at FCSH.
Study Unit: Selected patients by computer generated simple random sampling technique.

Eligibility Criteria
Inclusion Criteria
All TBI patients aged ≥1510,11 admitted to the FCSH ICU and surgical ward because of TBI from January 1, 2015 to
December 31, 2020.

Exclusion Criteria
Adult TBI patients who had a written diagnosis of AP before admission were excluded.

Study Variables
Dependent Variable
Incidence of aspiration pneumonia in FCSH.

Independent Variables
Socio-demographic factors were sex, residence, and age.

Institutional factors were ICU admission, source of referral, and length of stay at the referring institution.
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Clinical factors were GCS level, baseline vital signs, type of head injury, severity of head injury, swallowing
difficulty, multiple traumas, co-morbidity, and hemiplegia/hemiparesis.

Intervention related factors were prophylactic antibiotics for aspiration pneumonia, mechanical ventilation, NGT
insertion, sedation, medications, and positioning.

Operational Definition
Aspiration pneumonia was defined as a written diagnosis of aspiration pneumonia, but not aspiration pneumonitis, on the
patient card after admission because of TBI.

The Glasgow coma scale is a scale used for assessing the neurological status of the patient and to classify head injury
as mild TBI,13–15 moderate TBI,9–12 or severe TBI (less than or equal to 8).5

”Censored” was defined as those TBI patients who did not develop the outcome of interest (AP) at the end of the
follow-up period, which might be because they were lost to follow-up or transferred to a different institution, against
medical advice, or death before AP at admission.

”Event” was the occurrence of AP among TBI patients from admission to the end of the study at FCSH.
Time to event was defined as the time between admission and occurrence of AP.
Median survival time was defined as the time at which half the patients had suffered AP.
The index date was the starting date for the calculation of survival and this was the first date of admission (January 1,

2015). The closing date was the last date at which the status of the patient on the follow-up (AP or censored) was
determined (December 31, 2020).

Sample Size Determination
The total sample size was determined via the double population proportion formula using epi-info version 7.2.0.1
software by assuming a one-to-one ratio of exposed to non-exposed, 95% level of confidence, and a power of 80%. Two
studies were used to define thevariables that are significantly associated with development of AP and importantly linked
with this study. Those were NGT, hemiplegia/hemiparesis, GCS, intubation, and ventilation.12,13

The total sample size was determined using comparable literature conducted in Korea on analysis of aspiration risk
factors in severe trauma patients, based on findings of aspiration lung disease in a chest CT. GCS decrement associated
significantly with the occurrence of AP. Mild TBI was used as the exposure group and moderate TBI was used as the non-
exposure (control group). Thus, provided a relatively large sample size (ie, 374), incomplete patient’s charts and medical
records that were not found during data collection were considered; a 10% contingency was considered for each group and
37 TBI patient’s charts were added to the initial sample. So the final sample size was 411 TBI patient charts12 (Table 1).

Sampling Technique and Procedure
The patient charts were selected by using a computer generated random sampling technique from the registration book of
the adult ICU and surgical ward in FCSH.

Table 1 Sample Size Determination Calculated by the Proportion of Variables from Previous Studies

Variables (Reference) Assumptions Sample Size Total Sample Size

NGT12 P1=0.32, P2=0.07 92 101

Hemiplegia/paresis12 P1=0.41, P2=0.10 72 79

Ventilator12 P1=0.31, P2=0.12 166 182

Intubation13 P1=0.17, P2=0.03 170 187

GCS13 P1=0.05, P2=0.14 374 411

Notes: Where P1=proportion of exposed with outcome. P2= proportion of exposed without outcome. Z@/2=taking 95% CI. ZB=80% power, R= is ratio of exposed to
unexposed (1:1). NB- Highlighted cells with green color show a relatively large sample size (ie, 411), with 10% contingency value.
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This was carried out by using the registration book of the past 5 years in the adult ICU and surgical ward, and selected
by using the medical registration numbers of these patients, then having cards through these medical record numbers at
the card room.

Data Collection Tool and Procedure
Data Collection Tool and Period
The data were collected by using a semi-structured data extraction checklist from March 16, 2021 to April 16, 2021.

The data extraction checklist had socio-demographic data-related questions, clinical variables, preinjury health-related
variables, and intervention related questions which were collected for all subjects in the sample from medical records.

Data Collection Procedure
The data was collected from selected cards by a semi-structured data extraction checklist. Before cascading data
collection, two BSc. nurses were recruited for data collection and one MSc. nurse for supervision.

Two days of training was provided for the data collectors and supervisor regarding the meaning of every item of the
questionnaire and the techniques of data collection.

Data Quality Control
Before the actual data collection a pre-test was conducted on 5%21 of the sample size in FCSH, 2 weeks before the actual
data collection. The pre-test was analyzed and interpreted and finally modifications were made to the data extraction tool
(variables were adjusted by their access).

Quality of data was assured by training data collectors and supervisors, monitoring the data collection process, and
checking the completeness of data during the collection time.

Data Processing and Analysis Procedure
The collected data were verified, coded, entered by epi-data version 3.1, and exported to STATA version 14.2. The
Kaplan-Meier survival curve was used to estimate the median survival time. Log rank test was used to compare survival
curves between categorical variables. Cox-proportional hazard regression model was used to see the association of each
independent variable with the dependent variable and pairwise correlation tests were used to check for the presence of
multicollinearity between each independent variable. Bivariable Cox regression analysis was used to assess the degree of
relationship within each predictor variable and TBI-related AP.

Variables that had a P-value <0.2514 with TBI-related aspiration pneumonia in the Bi-variable Cox propor-
tional hazards regression model and had no multicollinearity were entered into the multivariable Cox-proportional
hazards regression analysis model. The measure of necessary assumptions of the Cox proportional hazard model
was checked using the Schoenfeld residuals test. The Cox Snell residuals test was used to assess overall model
fitness.

A P-value of less than 0.05 at 95% confidence interval was taken as a cut-off point to declare a statistically significant
association between predictors and post-raumatic AP.

The results of the study are presented using text, tables and figures.

Results
Socio-Demographic Characteristics of the Study Participants
There were 1,450 TBI patients listed in the registration book of the ICU (378) and surgical ward (1072) between
January 1, 2015 and December 31, 2020 in FHCSH. Four hundred and eleven patient charts were selected by a
computer generated simple random sampling technique, and 396 were eligible, with 15 patient charts being
ineligible among the selected patient charts. From these 396 patient charts, 326 (82.32%) were censored and 70
(17.68%) had developed AP. The median age of patients at the time of admission was 29 years (IQR=22–39).
Most (367; 92.68%) of the TBI and 66 (94.2%) of the post-traumatic AP were in the age group of 15–54 years.
Most (288; 72.73%) came from rural areas; and 56 (80%) of the post-traumatic AP were from this group, which
could show that those having a rural residency are much more affected than urban dwellers (Table 2).
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Institutional Characteristics of Study Participant
Concerning their system of transfer to FCSH, 290 (73.2%) patients were referred from other health institutions;
and 86% of post-traumatic AP were from such groups, which is higher than the directly admitted TBI patients.
The median time for duration of presentation to FCSH was 8 hours (IQR=4–24) and their duration of presentation
to FCSH revealed that most (281; 71%) patients arrived within 18 hours after injury; 80% of patients who
developed AP were in this group (Table 3).

Clinical Characteristics of Study Participants
The median baseline GCS level is 9 (IQR=6–13). Fifty-three (75.7%) patients with AP originated from GCS level within
3–8; which was measured at the time of admission to FCSH. Similarly some patients with a GCS level of >8 at baseline
might deteriorate to have a level <8 which in turn results in AP (Table 3).

Intervention Related Characteristics of Study Participants
Two hundred and twelve (53.54%) TBI patients and 61 (87.1%) post-traumatic AP patients had a NGT (inserted
for feeding and medication instillation purpose); which has a much higher incidence of AP than for patients
without a NGT (Table 3).

Survival Status of TBI Patients to Develop AP
The overall incidence rate of AP in the cohort during the 2,161 person days of observation (PDO) was 32.39 per 1,000
(95% CI=25.62–40) person days of follow-up. Three hundred and twenty-ix (82.3%) patients were censored until the end
of the study period. Among the censored patients, 223 (68.4%) were improved and discharged to home, 77 (23.61%)
died, seven (2.1%) were referred to other institutions, and 19 (5.8%) left against medical advice before development of
the outcome (AP) (Figure 1).

Overall Incidence of AP in TBI Patients
Three hundred and ninety-six TBI patients were followed for a total of 2,161 days. Kaplan Meier survival
estimation showed that the cumulative survival probability after admission to FCSH was 77.68% (95%
CI=72.07–82.3) at 2,161 days of follow-up. The estimated cumulative survival probability was 93.18% (95%
CI=90.21–95.27) in the first 24 hours follow-up time, 87.75% (95% CI=83.97–90.69) in the next 48 hours,
83.08% (95% CI=78.70–86.64) in the next 72 hours, 78.84% (95% CI=73.74–83.05) after the first week of follow-
up, and 77.68% (95% CI=72.07–82.30) on the 8th day and for the rest of the entire period.

The probability of having event free days decreases as the follow-up time increases. In this study the highest rate of
AP occurred in the first week after TBI-related admission.

Table 2 Socio-Demographic Characteristics of TBI Patients at FCSH Bahir Dar, Ethiopia, from January 1, 2015 to December 31, 2020

Variables Category Vital Status Total No. (%)

Censored AP

Number (%) Number (%)

Gender Male 269 (83.2) 54 (16.7) 323 (81.56)

Female 57 (78.08) 16 (21.91) 73 (18.43)

Age (years) 15–54 301 (82.01) 66 (17.98) 367 (92.67)
55–64 15 (88.23) 2 (11.76) 17 (4.29)

65–74 10 (83.33) 2 (16.66) 12 (3.03)

Residence Urban 94 (87.03) 14 (12.96) 108 (27.27)
Rural 232 (80.55) 56 (19.44) 288 (72.72)
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Incidence of AP Among Different Groups of TBI Patients
Equality of survival curves was tested by log rank test for the presence of any significant differences in survival
time among various levels of categorical variables. This study shows some significant difference among survival
functions of different categorical variables. The Kaplan-Meier analysis indicated significant evidence of differ-
ences in survival times(ie, the mean incidence rate of AP for referral patients was lower than those who were
directly admitted, which is statistically significant at a P-value of 0.0114). The mean incidence rate of AP for
sedation was lower than patients without sedation; which is statistically significant at a P-value <0.01; which
reveals sedation shortens the time for occurrence of AP. Concerning NGT insertion, the mean incidence rate of AP
for patients with a NGT was higher than without; which is statistically significant at a P-value <0.01. The mean

Table 3 Institutional, Clinical, and Intervention Related Characteristics Study Participants

Variables Category Vital Status Total No. (%)

Censored AP

Number (%) Number (%)

Institutional factors

System of transfer Directly admitted 96 (90.56) 10 (9.43) 106 (26.76)

To FCSH Referred 230 (79.31) 60 (20.68) 290 (73.23)
ICU Yes 68 (66.66) 34 (33.33) 102 (25.75)

Admission No 258 (87.75) 36 (12.24) 294 (74.24)

Duration of 0.5–3.5 73 (83.9) 14 (16.09) 87 (21.96)
Presentation 4–7.5 80 (83.33) 16 (16.66) 96 (24.24)

At FCSH (in h) 8–18.5 72 (73.46) 26 (26.53) 98 (24.74)

19–360 101 (87.82) 14 (12.17) 115 (29.04)
Clinical factors

GCS level 3–8 111 (67.68) 53 (32.31) 164 (41.41)

9–12 93 (88.57) 12 (11.42) 105 (26.51)
13–15 122 (96.06) 5 (3.93) 127 (32.07)

Head injury Blunt 70 (71.42) 28 (28.57) 98 (24.74)

Type Penetrating 256 (85.9) 42 (14.09) 298 (75.25)
Head injury Mild 101 (96.19) 4 (3.8) 105 (26.51)

Severity Moderate 113 (88.97) 14 (11.02) 127 (32.07)

Severe 112 (68.29) 52 (31.7) 164 (41.41)
Hemiplegia Yes 49 (87.5) 7 (12.5) 56 (14.14)

Hemiparesis No 277 (81.47) 63 (18.52) 340 (85.85)

Respiratory 16–24 218 (89.3) 26 (10.65) 244 (61.61)
Rate (baseline) >25 108 (71.05) 44 (28.94) 152 (38.38)

Pulse rate (Baseline) <60 22 (88) 3 (12) 25 (6.31)

60–100 254 (84.38) 47 (15.61) 301 (76.01)
>100 50 (71.42) 20 (28.57) 70 (17.67)

Temperature (oC) (Baseline) <36 35 (92.1) 3 (7.89) 38 (9.59)

36–38 276 (82.38) 59 (17.61) 335 (84.59)
>38 15 (65.21) 8 (34.78) 23 (5.8)

Intervention Related Factors

NGT insertion Yes 151 (71.22) 61 (28.77) 212 (53.53)
No 175 (95.1) 9 (4.89) 184 (46.46)

Mechanical Yes 49 (69.01) 22 (30.98) 71 (17.92)

Ventilation No 277 (85.23) 48 (14.76) 325 (82.07)
Sedation Yes 48 (64) 27 (36) 75 (18.93)

No 278 (86.6) 43 (13.39) 321 (81.06)

Positioning Yes 222 (83.14) 45 (16.85) 267 (67.42)
No 104 (80.62) 25 (19.37) 129 (32.57)
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incidence rate of AP for patients with blunt TBI is shorter than the penetrating type of TBI; which is significantly
associated at 0.0026. This indicates that being a victim for blunt TBI shortens the time to occurrence of AP as
compared to penetrating TBI. As baseline GCS level decreases, cumulative survival times get shorter and shorter;
this is significantly associated with a P-value <0.01. (Table 4 and Figures 2–4).

Predictors of Aspiration Pneumonia
In the bivariable Cox proportional hazard regression model, the system of transfer to FCSH, residence, duration of
presentation, mechanical ventilation use, sedation status, NGT insertion, head injury type, GCS level, and vital
signs like pulse rate, respiratory rate, and temperature all fulfilled the criteria to be analyzed in multivariable Cox
regression analysis; which have a P-value of <0.2514 in nivariable analysis and non-collinear independent
variables (based on pairwise correlation test). In the multivariable Cox proportional hazard model, three variables
were significantly associated with the development of TBI-related AP (being referred, NGT insertion, and GCS
level).

The results of the multivariable Cox regression analysis revealed that the hazard of developing AP after being referred
from other health institutions is 2.43-times higher as compared to those patients who were directly admitted to FCSH
(AHR=.43; 95% CI=1.12–5.25).

Patients who had a nasogastric tube for feeding and medication installation purposes were 3.02-times more likely to
develop TBI-related AP than patients who had no such an intervention (AHR=3.02 95% CI=1.43–6.39). The hazard of
developing AP among patients who had a GCS level of less than 8 was 3.88-times more risky than a baseline GCS level
>13 category (AHR=3.88; 95% CI=1.42–10.62) (Table 5).

Overall Model Fitness Test
The figure below shows overall model fitness of the data in the Cox proportional hazard regression model. Residuals
have a standard censored exponential distribution with hazard ratio. If we compare the jagged line with the reference line
(Cox Snell residual), we observe that the hazard function follows the reference line closely, with some detachment at the
end (Figure 5).

Figure 1 The proportion of traumatic brain injury patient outcomes in FCSH admitted patients, Bahir Dar, Ethiopia, from January 1, 2015 to December 31, 2020.
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Test of Proportional Hazard Assumption
The effects of socio-demographic, institutional, clinical, and intervention related characteristics of TBI patients for
incidence of AP were examined by the Cox proportional hazards regression model. Variables included in the model as
predictors were residence admission, duration of presentation, mechanical ventilation use, sedation status, nasogastric
tube insertion, head injury type, respiratory rate, pulse rate, temperature, and GCS level. A goodness of fit (GOF) test was
conducted to assess the proportional hazard assumptions of the Cox model for given predictor variables statistically. It
reveals that almost all variables included in the model satisfied PH assumptions (P-value>0.05 except residence). The
overall global test is 0.1083. So is good fit, since it is greater than 0.05 (Table 6).

Discussion
Aspiration pneumonia is a recognized complication following TBI. This study sought to identify the incidence and
known risk factors associated with TBI induced AP while patients were in admission.

During the study period, 17.67% of the patients developed AP; which was lower than the result of a study
conducted at Taiwan as “pneumonia incidence among severe TBI patients” (29.66%),12 this might be because of
variation in diagnostic approaches. The cumulative probability of event free survival days for AP were 93.18%,
87.75%, 83.08%, 78.84%, and 77.68% at the 1st, 2nd, 3rd, 7th, and 8th day and for the rest of the entire period,
respectively; which is shorter than the finding in the study conducted as pneumonia incidence among severe TBI

Table 4 Survival Time, Cumulative Survival Probability, and Log Rank Test in 51 Days of Follow-Up (Kaplan-Meier Method) of TBI
Patients at FCSH

Survival Time, in Days

Covariates Category Mean (95% CI) Overall, 51 Days Survival (%) Log Rank Test (P-value)

System of Transfer to Directly admitted 43.6 (39.68–47.51) 86.36 0.0114
FCSH Referred 38.61 (35.66–41.57) 74.41

Mechanical Yes 31.03 (24.57–37.49) 60.04 0.0004

Ventilation No 41.98 (39.41–44.56) 81.31
Sedation Yes 31.54 (25.73–37.36) 59.91 0.0000

No 33.53 (31.58–35.48) 82.63

Nasogastric Yes 34.62 (31.1–38.13) 66.15 0.0000
Tube No 26.53 (25.59–27.47) 94.40

ICU Yes 31.3 (25.92–36.68) 59.24 0.0000

Admission No 41.23 (39.12–43.33) 85.17
Head injury Blunt 35.89 (31.12–40.65) 69.18 0.0026

Type Penetrating 40.86 (38.09–43.63) 80.53

Head injury severity Mild 23.61 (20.73–26.48) 87.85 0.0000
Moderate 29.94 (27.91–31.98) 87.19

Severe 32.17 (27.98–36.37) 61.34

Respiratory 16–24 43.69 (40.74–46.64) 84.64 0.0000
Rate >25 33.31 (29.4–37.21) 66.50

Pulse rate <60 14.06 (12.01–16.1) 86.05 0.0302

60–100 27.71 (25.97–29.46) 79.86
>100 34.41 (28.31–40.52) 65.92

Temperature (oC) <36 21.5 (17.42–25.57) 81.59 0.0212

36–38 40.65 (38.21–43.09) 78.72
>38 12.74 (8.38–17.11) 56.03

GCS level <8 31.82 (27.61–36.02) 60.54 0.0000
9–12 30.01 (27.89–32.13) 87.56

13–15 24.06 (22.02–26.10) 90.49

Note: P-value<0.05 indicates a significant difference within groups.
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Figure 3 The Kaplan-Meier survival curves comparing incidence of AP on patients with nasogastric tube versus without NGT in FCSH, Bahir Dar, Ethiopia, from January 1,
2015 to December 31, 2020.

Figure 2 The Kaplan-Meier survival curves comparing incidence of AP on directly admitted versus referral patients in FCSH, Bahir Dar, Ethiopia, from January 1, 2015 to
December 31, 2020.
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patients (65%, 60%, 55%, 55%, and 55% at 10, 20, 30, 40, and 50 days, respectively).12 This discrepancy might
be because of clinical service variation between these two countries.

The hazard of developing aspiration pneumonia among referral TBI patients was 2.43-times higher as
compared to TBI patients who were directly admitted to FCSH. This is probably because of the distance from
place of injury to hospital and rescuing speed (unlike developed countries who use helicopters for ambulance
service, low income countries use own foot, by vehicle ambulance, private car and stretcher), stayed without any
medical attendance by a healthcare professional, the generally long transport to hospital, and the absence of
prehospital medical care exposure for such a problem.15

Those TBI patients who had a nasogastric tube for feeding and medication installation purposes were 3.02-
times more likely to develop AP as compared to those TBI patients who did not have a nasogastric tube
(AHR=3.04; 95% CI=1.44–6.40). This finding is in line with the findings of a study conducted in Taiwan on
pneumonia incidence among severe TBI patients (AHR=4.56; 95% CI=1.11–18.64).12 Since NGT can mainly be a
risk factor for aspiration pneumonia, there were misplacement during insertion, displacement of tube location in
the meantime, adding additional feed from excessive residuals (ie, >150 mL), and bolus feedings for high risk
patients16,17 elevated intraabdominal pressure, which are also causes for aspiration pneumonia in critically ill
patients.18 NGT increases the chance of gastroesophageal reflux of gastric contents compared to patients without a
NGT.19

TBI patients admitted with a baseline GCS level <8 were 3.88-times more likely to develop aspiration
pneumonia than those with a GCS level >13 (AHR=3.88; 95% CI=1.42–10.62). This finding is in line with a
study conducted on the analysis of aspiration risk in severe trauma patients by CT findings in Korea (ie,
OR=5.073; 95% CI=2.442–10.539) since both studies showed this factor as a predictor for AP.1 As the GCS
level becomes lower there should not be effective airway clearance, no adequate airway protection by the
epiglottis, and there is an insufficient gag and cough reflex.1,20 These abnormalities in turn result in aspiration
of oral and gastric contents, which results in aspiration pneumonia. A decreased level of consciousness associated
with trauma, intoxication, or sedation from general anesthesia are risk factors for aspiration pneumonia.21,22 When
there is a decreased level of consciousness, there is a greater chance of compromised airway defense mechanisms,

Figure 4 The Kaplan-Meier survival curves comparing incidence of AP on patients with three categories of baseline GCS level In FCSH, Bahir Dar, Ethiopia, from January 1,
2015 to December 31, 2020.
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Table 5 Results of the Bivariable and Multivariable Cox Proportional Hazard Regression Analysis of TBI Patients at FCSH

Covariates Category Vital Status Bivariable CHR (95% CI) Multivariable AHR (95% CI) Multivariable P-value

Censored AP

System of transfer Directly admitted 96 10 1 1
To FCSH Referred 230 60 2.26 (1.15–4.42) 2.43 (1.12–5.25) 0.024

Residence Urban 94 14 1 1 0.283

Rural 232 56 1.53 (0.85–2.76) 1.41 (0.74–2.68)
Duration of 0.5–3.5 73 14 1.37 (0.65–2.89) 1.98 (0.85–4.59) 0.109

presentation (h) 4–7.5 80 16 1.39 (0.68–2.85) 1.16 (0.55–2.43) 0.692

8–18.5 72 26 2.20 (1.14–4.21) 1.88 (0.95–3.72) 0.069
19–360 101 14 1 1

Mechanical Yes 49 22 2.36 (1.42–3.92) 1.07 (0.6–1.91) 0.808

ventilation No 277 48 1 1
Sedation Yes 48 27 2.59 (1.6–4.2) 1.27 (0.73–2.21) 0.379

No 278 43 1 1

NGT Yes 15 61 5.65 (2.80–11.39) 3.02 (1.43–6.39) 0.004
Insertion No 175 9 1 1

Head injury Blunt 70 28 2.01 (1.25–3.25) 1.33 (0.81–2.21) 0.255

Type Penetrating 256 42 1 1
GCS level <8 111 53 9.18 (3.67–22.99) 3.88 (1.42–10.62) 0.008

9–12 93 12 2.83 (0.99–8.04) 1.57 (0.53–4.62) 0.407

>13 122 5 1 1
Pulse rate <60 22 3 1 1

60–100 254 47 1.26 (0.39–4.07) 1.29 (0.38–4.34) 0.675

<100 50 20 2.42 (0.71–8.15) 1.23 (0.35–4.31) 0.746
Respiratory 16–24 218 26 1 1

rate >25 108 44 2.90 (1.78–4.71) 1.39 (0.82–2.36) 0.216

Temperature (oc) <36 35 3 1 1
36–38 276 59 2.26 (0.70–7.21) 2.05 (0.62–6.74) 0.234

>38 15 8 4.98 (1.32–18.80) 2.58 (0.65–10.21) 0.176

Abbreviations: NB:-CI, confidence interval; AHR, adjusted hazard ratio; CHR, crude hazard ratio; GCS, Glasgow coma scale; NGT, nasogastric tube; FCSH, Felege Hiwot comprehensive specialized hospital.
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dysphagia, gastroesophageal reflux, and recurrent vomiting.2 Dysphagia from neurological deficits can also be
considered as a main cause for AP in adults.23

Conclusion
The overall incidence rate was 32.39 per 1,000 person days of follow-up, and nasogastric tube placement and low
baseline Glasgow coma scale were significant predictors of incidence of aspiration pneumonia following traumatic brain
injury. Prehospital airway management, adherence to standard NGT insertion and feeding procedural rules, and coma
care are important management issues for prevention of post-traumatic AP.

Table 6 Goodness of Fit Test Assesses Proportional Hazard Assumption for Incidence of Posttraumatic AP in FCSH Admitted
Patients, from January 1, 2015 to December 31, 2020

Predictors Rho* Chi-Square df** P-value

Residence −0.27148 4.44 1 0.0351
Admission 0.01098 0.01 1 0.9263

Duration of presentation −0.05587 0.24 1 0.6258

Mechanical ventilation use 0.03927 0.12 1 0.7282
Sedation status −0.05844 0.26 1 0.6080

Nasogastric tube insertion −0.17106 2.53 1 0.1115

Head injury type 0.20392 3.23 1 0.0721
Respiratory rate −0.13697 1.42 1 0.2328

Pulse rate −0.01167 0.01 1 0.9277

Temperature −0.12628 0.94 1 0.3319
GCS level 0.14110 1.69 1 0.1931

Global test 16.99 11 0.1083

Notes: * The correlation coefficient between residuals and time. ** Degree of freedom.

Figure 5 Cox Snell residual test showing overall goodness of fit for posttraumatic AP In FCSH from January 1, 2015 to December 31, 2020.
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Abbreviations
AP, aspiration pneumonia; ARDS, acute respiratory distress syndrome; CT, computed tomography; CXR, chest X-ray;
FCSH, Felege Hiwot comprehensive specialized hospital; GCS, Glasgow coma scale; ICU, intensive care unit; IQR,
inter-quartile range; NGT, naso-gastric tube; TBI, traumatic brain injury.
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