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Abstract

Background—Over 70,000 nonfatal firearm injuries occur in the US annually, frequently 

leaving victims injured with retained bullets. The long-term psychological risks associated with 

retained bullets remains unstudied. By serving as a constant reminder of injury, we hypothesized 

that the presence of retained bullets after firearm injury is associated with increased PTSD and 

depression symptom severity.

Methods—We conducted a prospective cohort study (2013–2015) of Black male survivors of 

firearm injury at an urban Level I trauma center. Interviews, questionnaires and validated survey 

tools for PTSD (PCL-5) and depression (QIDS-SR16) to assess severity of symptoms were 

administered 3 months post-injury. Clinical characteristics and symptom severity scores were 

compared with respect to retained bullets using Wilcoxon Rank Sum tests and linear regression.

Results—Of 139 participants, 101(73%) had retained bullets. The cohort was young (mean age 

26 years), educated (82% high school or greater) yet unemployed (53%) and with multiple injuries 

(median [IQR] no. of GSWs 2 [1–3]). There was no difference in age, education, employment 

status, number of gunshot wounds, operative procedures, pain, hospital or ICU LOS between 

groups (p>0.05). Patients with retained bullets less often rated their health as “very good” or 

“excellent” (10% vs 29%, p=0.046). Of those working prior to injury (n=47), 61% with retained 

bullets had not returned to work compared to 33% without retained bullets (p=0.027). No 

difference in PCL-5 scores [30.9 (SD 18.9) vs 27.9 (SD 18.6), p=0.470] was observed, but patients 

with retained bullets had greater mean QIDS-SR16 scores [10.7 (SD 6.2) vs 7.8 (SD 6.1), p=0.038] 

than those without. After controlling for injury severity, number of wounds, marital status and 
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education level, multiple linear regression analysis determined that retained bullets (β=3.52; 

p=0.017) were associated with more severe depressive symptoms.

Conclusion—Retained bullets are associated with adverse psychological consequences after 

firearm injury. To improve recovery and to aid in clinical management decisions, clinicians should 

consider both the psychological and physical effects of retained bullets in survivors of firearm 

injury.

Keywords

firearm injury; gun violence; depressive symptoms; PTSD; retained bullet

Introduction

Firearm violence represents an ongoing public health crisis in the United States of America. 

Nearly 32,000 individuals die annually as a result of firearm violence, with homicides of 

young adults 15–30 years of age accounting for approximately one third of these deaths [1]. 

An additional 100,000 individuals are non-fatally injured by firearms each year [1, 2]. There 

is no current standard medical practice to remove bullets after a firearm injury, as research 

addressing the physiologic and psychological effects of retained bullets among survivors is 

limited. The general rule at many medical institutions, including the study institution, is to 

leave bullets in place after injury unless they are or become easily accessible (superficial or 

during laparotomy), potentially morbid (close proximity to nerves or vessels), symptomatic, 

or per patient request.

Previous studies examining the potential physiologic risks of retained bullets have found 

such issues as elevated serum lead levels [3–6], secondary osteoarthritis [7, 8], chronic pain 

[9], infection [10–12], and neurogenic claudication and radiculopathy [13]. Often a bullet 

will be excised if an apparent medical benefit (e.g. treating injury-site chronic pain or 

preventing lead toxicity) [14], but there is a paucity of data regarding the psychological 

consequences of retained bullets to date. The removal of the retained bullet for any such 

non-physiologic reason depends on patient and surgeon agreement given a patient’s risk 

profile, without any universal, standard or evidence-based guidelines.

To this end, we hypothesized that the presence of retained bullets is associated with 

increased symptom severity of PTSD or depression, perhaps by serving as a reminder of the 

traumatic event. Our primary study objective was to determine whether survivors of firearm 

injury with retained bullets have increased severity of psychological symptoms (i.e. PTSD 

and depression) compared to survivors without retained bullets.

Methods

Patient Population

A large, prospective cohort study examining recovery patterns of Black men after all-causes 

of injury was conducted at our institution from 2013–2016. We performed a subgroup 

analysis of adult (age ≥ 18 years), Black, male patients who sustained injuries related to 

gunshot wounds. Men who were: (1) younger than 18 years of age, (2) unable or refused 
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informed consent, (3) currently receiving treatment for PTSD or depression, (4) in police 

custody or (5) who sustained injuries unrelated to gunshot wounds were not eligible for 

study participation.

Procedure

This study was approved by the Institutional Review Board of the University of 

Pennsylvania. Patients who met eligibility criteria during their index hospitalization were 

informed of the study, had all questions answered, and provided written informed consent. 

An initial interview was conducted when patients were medically stable and clinically able 

to participate and demographics, injury-related, and other study-related data were obtained. 

The presence of a retained bullet was defined as a dominant metallic foreign object seen on 

radiographic imaging (i.e. X-ray or computed tomography). Follow-up interviews were 

administered at 3 months post-hospital discharge in the participant’s home. Participants 

received at $30 gift card at the completion of the intake interview and a $50 gift card at the 

completion of the 3 month post-discharge interview.

Survey Instruments

Validated survey instruments to evaluate our primary study outcomes of PTSD and 

depression after firearm injury were included at the 3-month follow-up interviews. This 3-

month time frame was selected because it allows sufficient time to diagnose depression and 

PTSD; diagnosis of Major Depression requires the presence of symptoms for 2 weeks 

whereas diagnosis of PTSD requires symptoms to persist longer than one month [15].

The PTSD Check List – 5 (PCL-5) is a validated 20-item self-reported instrument used to 

screen for post-traumatic stress disorder [16, 17]. The instrument assesses the symptoms of 

PTSD as defined by the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) 

criteria. Total scores range from 0 to 80. Answers for each question were summed for a total 

symptom severity score. Higher scores on the 0–80 scale indicate greater symptom severity.

The Quick Inventory of Depressive Symptomatology – Self Report (QIDS-SR16) is a 

validated 16-item patient-administered instrument used to screen for the nine defining 

symptom domains of a major depressive episode [18, 19]. These domains include sleep, 

weight, psychomotor changes, depressed mood, decreased interest, fatigue, guilt, 

concentration, and suicidal ideation. Higher scores on the 0–27 scale indicate greater 

symptom severity.

Statistical Methods

Data were entered into REDCap, a secure data management system. Demographic, injury 

characteristics, and symptom severity were compared with respect to the presence or 

absence of retained bullets. In our institution, bulletectomies are offered and performed 

based on both the preferences of the surgeon and the patient and the risk-benefit analysis of 

the procedure. As a proxy for the risk-benefit analysis, the severity of the injury was 

measured using number of GSWs, injury severity score (ISS), hospital course, and pain 

scores.
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Categorical variables were described as frequencies and compared with Chi-Square tests 

while continuous variables were described using means with standard deviations or medians 

with interquartile ranges, and compared with t-tests or Wilcoxon rank sum tests, as 

appropriate. Multivariable linear regressions models were constructed to examine the effect 

of retained bullets on the primary outcomes of PTSD and depression symptom severity. The 

regression models included an indicator variable for having a retained bullet, while also 

adjusting for education level, marital status, injury severity, how much pain relief was 

received, and number of wounds. All analyses were conducted in SPSS 20.0 and STATA 15 

with two-sided tests of hypotheses and a p-value of <0.05 as the criterion for statistical 

significance.

Results

The study sample included 139 participants. The cohort was young with a mean age of 28 

(SD 10) years, educated (82% high school degree or higher) yet unemployed (53%) with 

multiple gunshot wound injuries (median [IQR] no. of GSWs 2 [1–3]; no. of interventions 8 

[4–14]; ISS 10 [5–17]).

One hundred and eight (78%) of the 139 completed follow-up. Of those who completed 

follow-up, 80 (74%) had retained bullets (Figure 1). Loss to follow-up was due to 

incarceration (n=9) and inability to contact participant (n=22). No significant differences 

were found in demographic characteristics between those retained in the study and those lost 

to follow-up (Table 1). During the index hospitalization initial assessment, participants with 

retained bullets (n=80) were compared to those without retained bullets (n=28). There were 

no differences with respect to age, education level, employment status, number of gunshot 

wounds, operative procedures, pain or hospital LOS between study groups. Participants with 

retained bullets had a lower ISS score (p=0.026) than those without retained bullets (Tables 

1 and 2).

Three months following hospital discharge, participants with retained bullets less often rated 

their health as Excellent or Very Good as compared to those without retained bullets (10% 

vs 29%) and more often rated their health as Good, Fair or Poor (90% vs 71%; p=0.046) 

(Table 3). Moreover, participants with retained bullets who were employed at baseline were 

less likely to be back to their previous employment without change than those without 

retained bullets after firearm injuries (p=0.027) (Table 3).

We then assessed PTSD and depression symptom severity at three months post hospital 

discharge. No significant difference in PCL-5 scores for PTSD (p=0.470) was observed 

between groups. Participants with retained bullets had more severe symptoms of depression 

as reflected by QID-SR16 scores [mean 10.7 (SD 6) vs 7.8 (SD 6), p=0.038] than those 

without, with an effect size of 0.45.

Controlling for injury severity, number of wounds, marital status and education at time of 

index hospitalization, the adjusted multiple linear regression analysis indicated that retained 

bullets (β=3.52; p=0.017) and number of wounds (β=0.99; p=0.019) were associated with 

more severe depressive symptoms at three months post hospital discharge and explained 
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17% of the variance in depression scores. (Table 4). The adjusted multiple linear regression 

analysis found no association with severity of PTSD symptoms at three months post hospital 

discharge.

Discussion

Retained bullets are common after firearm injury but few reports have described their impact 

on survivors. While current literature indicates that retained bullets should be removed for 

particular physiologic indications [3–14], to our knowledge, the current report is the first 

study to suggest a psychological benefit to having no retained bullets. The most important 

finding of our study is that the presence of a retained bullet was associated with more severe 

depressive symptoms in Black men who sustained firearm injuries. Specifically, men with 

retained bullets had depressive severity scores 3.5 points higher than those without retained 

bullets when controlling for other variables. Our results suggest that there may be value in 

removing retained bullets.

Previous studies demonstrate a link between traumatic injury and psychological disorders. 

Post-injury psychological disorders are associated with poor quality of life, increased 

substance abuse, poor coping strategies, impaired functional ability and adverse health 

outcomes [20, 21]. In a systematic review by Wiseman et al, depression was found in 28–

42% of injury survivors [20]. Despite comprehensive screening measures, follow-up studies 

indicate that few survivors receive treatment for their psychological symptoms— which may 

contribute to adverse health outcomes and quality of life [22]. Not only did our study 

participants with retained bullets experience more severe symptoms of depression and 

poorer quality of life as compared to participants without retained bullets, our results 

indicate that participants with retained bullets were less likely to return their baseline 

employment status, an indication of functional status.

In this paper, we focused on severity of psychological symptoms rather than DSM-5 

diagnoses. Based on previous work by our group, post-injury psychological symptom 

severity is associated with suboptimal recovery after injury [23].

Although our research did not demonstrate an association between retained bullets and 

PTSD, previous studies have indicated that PTSD is prevalent and that depression and PTSD 

are often co-morbid conditions that may impact outcomes after injury [24]. Shih et al. found 

that nearly one-third (31%) of survivors of traumatic physical injury requiring 

hospitalization screened positive for PTSD at 6 months following discharge [24]. It is 

plausible that a greater time lapse from injury to assessment is needed to discern a difference 

attributable to the retained bullet itself rather than the act of being shot and injured by a 

firearm.

The findings of this study provide a first glimpse at the potential impact of retained bullets 

on post-injury psychological symptoms and merit future study. The implications of this 

research are important, and if confirmed in future studies, point to potential benefits to 

patient care, injury prevention strategies and advocacy. Mental illness is associated with 

increased risks of injury recidivism [25–27]. Wan et al. determined 42% of individuals with 

Smith et al. Page 5

Injury. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



a diagnosis of mental illness, defined as depression, psychosis, schizophrenia, anxiety 

disorder or any combination, experienced recurrent injury compared to 10% in individuals 

without a diagnosis of mental illness [26]. In another study identifying risk factors for injury 

recidivism using a population sample from the Medical Expenditure Panel Survey, Alghnam 

et al. determined that recidivists were more likely to have a positive screen for depression 

than non-recidivists [27]. By better managing risk factors for depression, such as retained 

bullets, we suggest an opportunity to intervene and potentially interrupt the cycle of 

recurrent violence.

Study results should be interpreted within the context of study limitations. We were unable 

to obtain 3-month outcome data on all study participants. Missing data reduced the number 

of participants included in the regression analysis which may have reduced statistical power. 

Contrary to other research on retained bullets, our study collected data in a prospective 

fashion with 78% retention at 3-month follow-up. Our cohort included only Black male 

survivors, who comprise the overwhelming majority of those injured from firearm violence 

both at our institution and in urban America. Thus, our results should be extrapolated to 

other population with caution.

In addition, this study was associated with diminutive harm to participants. There was 

minimal risk that the interview itself would worsen psychologic outcomes, as it has been 

shown that seriously injured urban Black males participate in clinical research as a means of 

human and therapeutic connection [28]. Further, the follow-up interviews did not focus on 

the bullet injury itself, but rather the psychologic symptoms of the patient, thereby reducing 

potential triggers or memories of the retained bullets.

Given the established association between retained bullets and depression symptoms 

severity, the specific management of bullets should be reconsidered. Future research should 

aim to understand the burden of retained bullets from an epidemiologic perspective – 

determining prevalence, costs, interventions, outcomes and impact of retained bullets from 

the perspective of the injured through qualitative research.

Conclusion

Our results demonstrate that retained bullets are associated with more severe symptoms of 

depression after firearm injury. Study results suggest that clinicians should consider both the 

psychological and physical effects of retained bullets in survivors of firearm injury. Regular 

screening for depression and PTSD along with a multidisciplinary approach including 

mental health professionals may prove beneficial to patient care, injury prevention strategies 

and advocacy for those with retained bullets after firearm injury.
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Figure 1. 
Study design of patient population.
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Table 1

Demographic data of study populations at baseline, including men who were lost to follow-up.

No Retained
Bullets
N= 28

Retained
Bullets

N=80

Lost to
Follow-Up

N=31
p-

value*

Age in years: Mean (SD) 28.6 (9.7) 29.0 (11.0) 25.6 (7.2) 0.28

Marital Status at baseline: N (%) 0.14

   Married/Living w Partner 5 (18%) 26 (33%) 13 (42%)

   Not Married/Living w Partner 23(82%) 54 (67%) 18(58%)

High school degree and higher: N (%) 24 (86%) 63 (79%) 27 (87%) 0.62

Employment status at Baseline: N (%) 0.36

   Full-time 3 (11%) 24 (30%) 7 (23%)

   Part-time 6 (21%) 14 (18%) 4 (13%)

   Unemployed 19 (68%) 37 (46%) 18 (58%)

   Student 0 (0%) 4 (5.0%) 2 (6%)

   Retired 0 (0%) 1 (1%) 0 (0%)

Previously diagnosed with depression: N (%) 5 (18%) 13 (16%) 5 (16%) 0.98

Previously diagnosed with PTSD: N (%) 2 (7%) 4 (5%) 3(10%) 0.66

Previously diagnosed with anxiety: N (%) 1 (4%) 6 (7%) 3 (10%) 0.66

*
p-value is provided for comparison of study group versus individuals lost to follow-up
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Table 2

Clinical course in patients with and without retained bullets during index hospitalization

No RB
n=28

RB
n=80

p-value

Injury Severity Score (ISS); mean (SD) 9.1 (8.1) 13.8 (9.7) 0.026

Number of gunshot wounds 2(1;2) 2(1;4) 0.853

No. of Operative Procedures/Interventions 6(3;12.8) 8(4;14) 0.425

Vent Days 0(0;0.8) 0(0;1) 0.567

ICU Length of stay (days) 0(0;1) 0(0;2) 0.650

Hospital length of stay (days) 6(2;8.8) 7(3;12) 0.212

How much pain relief did you receive? (0–10 scale representing % relief) 6(5;9.3) 6.5(3.3;8) 0.484
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Table 3

Mental health and quality of life outcomes in patients with and without retained bullets at three months post 

hospital discharge

No Retained
Bullets
n=28

Retained
Bullets
n=80

p-value

QIDS-SR Score (Depression): mean (SD) 7.9(6.1) 10.7(6.2) 0.038

PCL-C Score (DSM-V PTSD): mean (SD) 27.9(18.6) 30.9(18.9) 0.470

In general, would you say your health is: 0.046

   Excellent/Very Good 8 (29%) 8 (10%)

   Good/Fair/Poor 20 (71%) 72 (90%)

Health compared to last year 0.233

   Better 3 (11%) 10 (13%)

   Same 10 (36%) 14 (18%)

   Worse 15 (54%) 56 (70%)

Are you back to the same work that you were doing before your injury? (If employed at 
baseline, n=47)

n=9 n=38 0.027

   No 3 (33%) 23 (61%)

   Part-time only 2 (22%) 3 (8%)

   Yes, but with limitations 0(0%) 8(21%)

   Yes, with no changes 4 (44%) 4(11%)
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Table 4

Linear regression model for effect of retained bullets on depression symptom severity (QIDS-SR) at three 

months post hospital discharge (n=94)

Variable β Sig 95% CI

Injury Severity Score 0.05 .458 (−0.08 – .182)

Number of wounds 0.99 .019 (.164 – 1.81)

Relationship Status ** −1.60 .239 (−4.27 – 1.08)

Education*** −1.41 .358 (−4.45 – 1.63)

How much pain relief did you receive? (0–10 scale representing % relief) −0.04 .832 (−0.40 – .324)

Presence of retained bullet 3.52 .017 (0.63 – 6.40)

**
Relationship status: Married/living with partner vs. all others

***
Education: High school or greater vs. Non-HS
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