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ABSTRACT
Objectives: Elaborate a care protocol for spinal gunshot wounds (GSWs), based on the experience of more than fifteen years of treating 

this type of injury. Methods: A retrospective cross-sectional analysis of the electronic medical record data of a tertiary hospital related to 
the treatment of spinal GSWs between January 2002 and January 2018. Results: The management proposed was applied to 700 patients. 
Epidemiological data collected describes the population served. Conclusions: An easy-to-use treatment flowchart was developed that, 
according to factors related to the neurological condition, projectile location, lesion stability and additional criteria, allows the objective 
determination of the best treatment option for each case. Level of evidence II; Retrospective Study.

Keywords: Wounds, Gunshot; Spine; Protocols. 

RESUMO
Objetivos: Elaborar um protocolo de atendimento para ferimentos por arma de fogo (FAF) na coluna vertebral, com base na experiência 

de mais de quinze anos de atendimento desse tipo de lesão. Métodos: Realizou-se uma análise transversal retrospectiva dos dados do 
prontuário eletrônico de um hospital terciário referentes ao atendimento de FAF na coluna vertebral entre janeiro de 2002 e janeiro de 2018. 
Resultados: O manejo proposto foi aplicado a 700 pacientes. Os dados epidemiológicos coletados mostram a população atendida. Con-
clusões: Foi elaborado um fluxograma de tratamento de uso fácil que, de acordo com fatores relacionados com o quadro neurológico, a 
localização do projétil, a estabilidade da lesão e critérios adicionais, permite determinar objetivamente a melhor opção de tratamento para 
cada caso. Nível de evidência II; Estudo Retrospectivo.

Descritores: Ferimentos por Arma de Fogo; Coluna Vertebral; Protocolos. 

RESUMEN
Objetivos: Desarrollar un protocolo de atención a las heridas por arma de fuego (HAF) en la columna vertebral, basado en la 

experiencia de más de quince años en la atención a este tipo de lesiones. Métodos: Se realizó un análisis transversal retrospectivo 
de los datos de la historia clínica electrónica de un hospital terciario sobre la atención en casos de HAF en la columna vertebral 
entre enero de 2002 y enero de 2018. Resultados: Se aplicó el tratamiento propuesto a 700 pacientes. Los datos epidemioló-
gicos recopilados muestran la población atendida. Conclusiones: Se desarrolló un diagrama de flujo de tratamiento de fácil de 
usar que, de acuerdo a factores relacionados con la condición neurológica, ubicación del proyectil, estabilidad de la lesión y 
criterios adicionales, permite determinar objetivamente la mejor opción de tratamiento para cada caso. Nivel de evidencia II; 
Estudio Retrospectivo.

Descriptores: Heridas por Arma de Fuego; Columna Vertebral; Protocolos. 
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INTRODUCTION
The incidence of violent crimes among the civil populations1 of 

all countries has increased every year and, along with it, an increase 
in the rate of gunshot wounds (GSW) to the spine.2 It is estimated 
that each year about 17% of spinal cord traumas are caused by 
this injury mechanism1,2 and it is the second most common cause 
of spinal cord injuries, surpassed only by automobile accidents.3

These injuries mainly affect young males between 15 and 34 
years of age and predominantly involve the thoracic segment (usu-
ally T12), with complete neurological deficit in 70% of cases.2-8. 

North American statistics estimate that 200,000 people live with 
spinal cord injuries, generating expenses that can reach up to 
US$ 1,350,000.00.9

Because of the relevance of these injuries and the complexity 
involved in treating them, it is necessary to develop guidelines tar-
geting better outcomes.10

The Hospital do Trabalhador (HT) currently responds to about 
60% of trauma care cases in the metropolitan region of the city of 
Curitiba (Paraná-Brazil), which, according to IBGE 2017 estima-
tes, has a population of 3.5 million inhabitants.11 There has been a 
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significant increase in spinal GSW injuries, given that in 2007 they 
were the cause of 5% of spine fractures and in 2015 they accounted 
for 15% of them.12 

Established protocols for approaching the treatment of victims 
of spinal GSW are scarce in the medical literature. 

The main objective of this study is to present a protocol for the 
assessment, diagnosis and management of patients who are victims 
of spinal gunshot wounds. The secondary objective is to document 
the epidemiological profile of the patients who are victims of these 
spinal injuries. 

METHODS
Patients who were victims of spinal gunshot wounds and un-

derwent treatment at a tertiary trauma care referral hospital between 
January 2002 and January 2018 were evaluated. This study was 
approved by the Institutional Review Board (IRB) as CAAE number 
50834415.8.0000.5225. 

A retrospective cross-sectional analysis of the Hospital do 
Trabalhador electronic medical record data for these patients 
was conducted.

The following data were obtained: age, sex, comorbidities, day 
of the week of the incident, means of transport to the hospital, to-
pography of the injury, neurological status, associated injuries and 
whether a surgical approach was performed. The GSWs were divi-
ded according to the presence of a lodged projectile or a transfixing 
wound. The reason for the GSWs were classified as the result of a 
robbery, fight, attempted murder, police confrontation or unknown. 
Hospitalization time and complications associated with the trauma 
were also analyzed. 

Patients of all age groups were included and patients with in-
complete medical record data were excluded.

The treatment of all patients was supervised by a team of spi-
ne surgeons from a tertiary hospital accredited for spinal surgery 

training by the Brazilian Spine Society, a specialty society comprised 
of five preceptors and four trainee physicians, who remain in the 
service for two years.

Based on the data obtained, the 15 years of service experience 
and the bibliographical review, we prepared a service protocol in 
flowchart format (Figure 1). Three variables were considered for 
surgical indication: neurological status, spinal stability and location 
of the projectile. Other factors, such as active cerebrospinal fluid 
leakage, lead poisoning or intradiscal or spinal canal lead corrosion 
and prolapsed disc caused by the GSW were also considered, 
although they rarely occur. 

Quantitative data analysis was performed on SPSS Statistics 
1.7 software using means and standard deviations for continuous 
variables and percentage values. 

RESULTS
The total sample consisted of 998 patients, 700 of whom were 

included in and 298 of whom were excluded from the study.
The distribution shows the prevalence of involvement by males, 

with 666 patients (95.1%) compared to females, with 34 patients 
(4.9%). Ages ranged from 9 to 68 years, with a mean age of 21 
years. Most victims (n=644, 92%) were brought to the hospital by 
ambulances from the emergency rescue service of the state and 
municipal care network, while 56 patients (8%) arrived by other 
means. Four hundred and six patients (58%) were injured on the 
weekend. In terms of the occurrence of associated injuries, it was 
found that 41% of the patients had only spinal injuries. A wide variety 
of associates injuries was registered for the other 59%, with abdo-
minal and chest injuries being more common (Figure 2). As to the 
cause of the gunshots, 448 cases (64%) occurred during robberies, 
168 cases (24%) due to fights/attempted homicide, and 84 (12%) 
were classified as cause unknown. No cases resulting from police 
confrontation were reported. 

Figure 1. Algorithm for deciding whether to perform surgery for spinal GSW.

Criteria Considered

Decision to perform surgery

1 – Neurological 
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Serial clinical examination

Observation Urgent decompression Surgery with arthrodesis Specific surgery
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In the analysis of vertebral segments affected, the thoracic seg-
ment was the most affected (259 cases: 37%), followed by the cer-
vical segment (217 cases: 31%), the lumbar segment (203 cases: 
29%) and, finally, the sacral segment (21 cases: 3%). The most often 
affected vertebral level in the thoracic spine was T12 (27%), in the 
cervical spine was C5 (43%) and in the lumbar spine was L3 (31%).

Neurological deficit was documented in most of the study pa-
tients, in a total of 434 patients (62%), with complete lesion being the 
most frequently observed grade (Frankel A – 307 patients: 70.8%) 
(Figure 3). Transfixing GSWs were the most common, accounting for 
58% of cases. In the remaining cases, about 140 (20%) projectiles 
were lodged in the spinal cord canal, 113 (16.2%) penetrated the 
vertebral body remaining intraosseous and 41 (5.8%) hit posterior 
elements or appendicular skeleton.  

Most of the victims (412 patients – 58.8%) were treated conser-
vatively. Surgical treatment was necessary in the remaining cases 
(288 patients - 41.2%) (Figure 4). All the projectiles removed during 
surgical treatment were sent for ballistic analysis. This examina-
tion proved that the projectiles were from low-energy civilian-use 
firearms (Figure 5).

Instrumentation was required in 115 cases. All the projectiles 
lodged in the spinal cord canal were removed and stabilization via 
instrumentation was required in 23 cases. Among the transfixing 
projectiles, 45 caused unstable fractures that required spinal instru-
mentation. There was significant destruction of the vertebral bodies 
caused by 27 intrabone projectiles that required surgical procedures 
to remove the projectiles and stabilize the spinal segment. The other 
11 projectiles remained in contact with the intervertebral disc and 
were also removed. Nine projectiles were lodged in the interior of the 
dura mater and were removed after wide laminectomy followed by 
durotomy and dural closure. In these cases, arthrodesis was neces-
sary because of the wide laminectomy performed, which generated 
secondary instability (Figure 4). 

Hospital stays lasted an average of 10 days, ranging from 2 to 
93 days. There were 105 cases with complications, the most serious 
being 56 deaths due to the GSW affecting other vital structures, 

Figure 3. Distribution of the associated neurological injuries (according to 
the Frankel neurological scale). 
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Figure 2. (A) Percentage of associated injuries, (B) Causes of the shootings, (C) Vertebral segment, (D) Location of the GSW.
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Figure 4. Percentage of patients treated conservatively and surgically and 
who need segmental instrumentation.
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nine cases of meningitis and six cases of infectious discitis. One 
patient presented an exceedingly rare complication, which was the 
diffusion of lead through the disc and spinal canal after it corroded, 
which neither required a surgical approach nor evolved with neu-
rological deficit or systemic lead poisoning (Figure 6). The other 
complications were infectious, all in patients who had had previous 
injuries associated with abdominal viscera, and they were treated 
with specific antibiotics with satisfactory improvement. Five of the six 
cases of infectious discitis secondary to GSW underwent surgical 
debridement and one case was resolved with specific antibiotic the-
rapy during hospitalization with no surgical approach performed. In-
travenous corticosteroid therapy was not used in any of the patients. 

Treatment protocol
The HT protocol for treating patients with GSW spinal injury 

was based on a literature review and the report of the experience 
managing this type of injury performed by a uniform team. The 
overall assessment of the patients took the priorities related to the 
treatment of this injury into account. It was applied to 700 patients, 
demonstrating the prevalence of this type of care. 

Initial care
The initial treatment of a patient with a spinal GSW injury must 

include the standard trauma protocols established by the ATLS – 
Advanced Trauma Life Support.13

Fractures caused by GSW are generally stable.8 The evaluation 
of spinal injury must be made after hemodynamic stabilization. In 
paraplegic or quadriplegic patients, the assessment of these items 
can be difficult, given the loss of visceral sensitivity.2 

The gathering of information from the pre-hospital care team, 
such as type of weapon used, number of shots fired, and proximity 
of the shot(s), should be an integral part of the initial evaluation.14  
This information provides guidance about the extent and severity of 
the injuries (civilian vs. military use weapon, for example). 

The complete neurological examination must be performed to 
document motor function, reflexes and sensitivity at the time of the 
injury and should be repeated periodically. The bulbocavernosus 
reflex should be tested to check the period of spinal shock. 

Tetanus prophylaxis is necessary. Broad-spectrum antibiotics 
should be started early. Corticosteroids should not be included in the 
therapeutic regime for patients with GSW, as has been established 
in the literature.15

Imaging
The entry and exit point of the wounds must be inspected and 

radiopaque markers are placed over the wounds to identify the 
trajectory of the projectile in radiographic studies. Orthogonal radio-
graphic views of the spine should be obtained to locate the projectile 
and detect any fractures (Figure 7). This should be followed by 
computed axial tomography (CAT), which allows for greater preci-
sion in the location of projectile fragments within the spinal canal or 
vertebral segments (Figure 8). If instability is suspected, flexion and 
extension radiographs can be performed. 

The use of magnetic resonance was not included in our protocol.

Figure 5. Images of the projectile A) radioscopic, B) intraoperative, C) 
projectile removed from the cervical region and sent for ballistic analysis.

Figure 6. Patient with projectile lodged in the disc space, which evolved with 
corrosion of the projectile and diffusion of lead into the disc and spinal canal. 

Figure 7. Lumbar radiograph in orthogonal incidences with intracanal 
projectiles between L4-L5. 

A B C

Figure 8. Sagittal/coronal/axial CAT showing the peculiarity of two projectiles 
(L2 and between T8-T9), both intracanal.

Treatment
Following the protocol used over the past 15 years, four situa-

tions were the most common:
1. Patients with spinal GSW associated with the perforation of 
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abdominal viscera underwent intravenous broad-spectrum antibiotic 
therapy, covering gram-positive (80% of cases) and gram-negative 
germs, for two weeks to prevent systemic infection, regardless of 
the need for intervention surgery (Figure 1).       
2. Patients with transfixing GSW, without the presence of bone 
fragments or an intracanal projectile, received conservative treat-
ment, unless they displayed progressive neurological deficit and 
segmental instability, receiving antibiotic prophylaxis and neuro-
vascular observation for 48 hours, followed by reevaluation on an 
outpatient basis. 
3. Patients with projectile or fragments (of bone, disc or projectile) 
inside the intervertebral canal were treated surgically, with decom-
pression and removal of the projectile and/or fragments. If there was 
instability or if instability was caused by the surgery, the segment 
was instrumented. 
4. Patients with GSW presenting a projectile in the intervertebral 
space (disc) or in contact with the facet joints underwent surgery 
to remove the projectile in order to prevent lead poisoning or its 
diffusion into the disc and spinal canal (Figure 3). When there was 
instability or if instability was caused by the surgery, segmental ins-
trumentation was performed.

Surgical time
We indicate surgery as early as possible depending on the clinical 
and hemodynamic stability of the patient. The patient is observed 
for at least 48 hours and entered into a multidisciplinary rehabili-
tation program (social services/nursing/physical therapy/medical 
clinic), paying special attention to urological, and cardiorespira-
tory function and injuries such as pressure ulcers, especially in 
patients with neurological changes.

DISCUSSION
Gunshot injuries in the spine were mainly seen in military popula-
tions. Currently, with the greater spread of and access to firearms 
in the civilian population in general, the number of these injuries is 
growing, causing from 13 to 17% of traumatic spinal injuries.16,17

The literature shows that the incidence of these injuries is dispro-
portionally higher in males, at more than 80% of cases. As regards 
age, they are most prevalent in the third decade of life.18 All these 
data are corroborated by the present study. Men are more impact-
ed by high-energy traumas because of their greater exposure to 
danger. When added to the fact that they are economically active 
patients and that many, in the age group most affected, are the 
central economic pillar of their nuclear family, it has great potential 
for an additional social problem. The repercussions of GSWs tran-
scend the medical environment. 
The vertebral segment most affected by spinal GSWs is thoracic 
spine, followed by the cervical and lumbosacral segments. The 
literature reports thoracic incidence at around 55%, followed by 
cervical at 25% and lumbosacral at 20%. This study confirmed the 
data previously presented in the literature. It is believed that gun-
shot wounds occur mainly in the thoracic region because shoot-
ers target the chest more frequently, followed by the region of the 
craniocervical transition.19 Because the thoracic region is the most 
exposed, and consequently an easier target for the shooter, the 
fact that most GSWs occurred in the thoracic spine is justified. In 
contrast, the appendicular skeleton is the least affected due to its 
continuous movement during flight and smaller area.
Radiographic and tomographic examinations were routinely per-
formed on patients suffering from GSWs. The use of magnetic 
resonance is not recommended in these cases due to the risk of 
projectile or fragment migration, which has the potential to cause 
neurological deficit or worsen the existing deficit. This examination 
also will present artifacts due to the presence of metallic elements, 
which hinders proper interpretation. Research has shown that the 
magnetic resonance examination does not change the treatment 
approach in GSW victims, in addition to its being more time con-
suming and more expensive.4 Most hospitals in Brazil and in de-

veloping countries have financial difficulties and the few resources 
are generally concentrated in large urban centers. The protocol 
presented aims to reach all levels of care for this injury and outline 
a suitable and reproducible conduct without burdening the health-
care system. Therefore, it is not indicated. 
The treatment of patients who are victims of spinal GSWs should 
be individualized. After treating life-threatening injuries and fol-
lowing the ATLS routines, the neurological status, spinal stability, 
whether there is spinal cord compression, and the location of the 
projectile should be assessed. When the injuries are stable and 
there is no deficit or neurological compression, conservative treat-
ment is indicated. In cases where these criteria are not met or 
other complications arise (for example, cerebrospinal fluid fistula, 
lead poisoning), surgical treatment is indicated. Surgical indica-
tions for the treatment of GSWs are still controversial, but many 
authors corroborate the benefits of the approach. The literature 
clearly shows that the objectives of surgical treatment for patients 
who are victims of GSWs are to decompress the spinal canal, 
stabilize the spine when unstable, remove the projectile when lo-
cated in a topography that could cause complications (disc and 
joint space, compression of neurological structures) and thus, 
offer the greatest chances for neurological recovery and prevent 
other complications that could result from this injury.20 Benzel et 
al.,12 showed that up to 86% of patients with incomplete lesions 
improved with surgical decompression. Barros Filho et al.,4 de-
scribed recommendations for surgery in cases with laminar frac-
tures with extrinsic compression. Waters and Sie reported ben-
efits from spinal cord decompression of T12 to L4 and the main 
approach in these cases was isolated decompressive laminec-
tomy.21 This study showed that 41.2% of patients suffering from 
spinal GSWs underwent surgery. The most common reason for 
this indication was compression of neural structures, followed by 
unstable fractures, which is consistent with the literature data. Cur-
rently, we are seeing a worldwide increase in indications for surgi-
cal treatment of the spine.22 The United States has the highest 
rate of spine surgeries in the world, with indications of spinal ar-
throdesis surgery having undergone the highest increase, tripling 
in the 1990s.23 We have noticed a growing trend to recommend a 
surgical approach to treat spinal GSWs over the years. Although 
the literature does not consistently prove its effectiveness in neu-
rological improvement, we believe that the surgical procedure has 
a low risk of complications and the surgical techniques are well 
established. Stabilization of the spinal segment, when indicated, 
provides an earlier and more effective rehabilitation. We did not 
conduct a longitudinal comparative study of the clinical outcomes 
of surgically versus conservatively treated patients, which we view 
as a limitation of our study. We suggest the development of new 
studies with this objective.  
Instability, as a criterion in cases of firearm wounds, is not well-
defined, since the projectiles determine a directional force in a 
static spine and are less likely to cause instability, even with an 
injury to two or three spines, as defined by Denis.20

 About 60% 
of the patients operated underwent instrumentation. Of these, 
39% were instrumented because of unstable fractures and, in the 
other cases, fixation was performed due to surgical access ample 
enough for canal decompression and projectile removal, causing 
instability in the segment being operated to treat the injury. In a 
study by Stauffer et al., it was demonstrated that most cases of 
postoperative iatrogenic instability related to GSWs of the spine 
result from excessively large decompressions.7 A fact that may 
justify extensive decompression is the possibility of the projectile 
having shifted intradurally.24 With the goal of preventing instabil-
ity and postoperative deformities in cases where more extensive 
decompressions were necessary or uni- or bilateral facetectomy 
was necessary, a decision was made to perform an arthrodesis 
procedure. It is believed that instrumentation in order to relieve the 
affected nerve structures has a favorable cost-benefit ratio.
The literature regarding the time to perform surgical treatment for 
victims of spinal GSWs is scarce and inaccurate. Feehlings et al., 
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showed that, in patients who are victims of non-penetrating trau-
ma to the spine and who present neurological injuries, the ideal 
time for surgical treatment would be within 24 hours following the 
trauma.25 In patients with GSWs, this period is not accurate. Early 
approaches can increase the incidence of cerebrospinal fluid fis-
tulas when the projectile has injured the dura mater. In late ap-
proaches, on the other hand, after more than two weeks, the in-
cidence of arachnoiditis and infection increases.2 Looking for the 
window of opportunity for a surgical approach to the trauma is 
recommended. These patients are usually serious and risk clini-
cal instability if handled in an untimely manner and not at the ap-
propriate time. When the patient is clinically unstable, we recom-
mend the earliest approach possible. Specifically, in cases where 
the projectile is located intradurally, when there is no progressive 
neurological deficit, we recommend waiting for 2 to 5 days in order 
to reduce the possibility of CSF fistulas. In our series, we did not 
have any case that evolved to a persistent cerebrospinal fluid fis-
tula requiring a surgical approach. We are aware of this increased 
risk in earlier approaches, but we did not observe an increased 
incidence in our series.
Among the possible complications related to GSWs, the most no-
table is lead poisoning, a condition caused by the accumulation 
of lead in the organism. It can cause anemia, abdominal pain, 
lethargy and neurological changes. In general, it occurs when the 
projectile is lodged in the joints and the synovial fluid dissolves 
the lead or when it is in the disc space. The symptoms can oc-
cur up to 40 years after the injury. The exact incidence of these 
intoxications is unknown. In the present study there was one case 
in which there was corrosion of the lead in the spinal canal. How-
ever, no patient had lead poisoning, including this case, nor was 
surgery required for this situation.26 The patient remained in stable 
condition throughout follow-up and did not develop any clinical 
or neurological changes. It is considered rare, but if it presents 
the patient must be monitored frequently for lead poisoning and 
neurological changes. 
Intravenous corticosteroid therapy was not used in any patient, 
in accordance with hospital protocol and the recommendations 
in the literature.14 The use of corticosteroids in penetrating trau-
ma is related to an increased risk of infections, gastrointestinal 
complications and pancreatitis.27 Due to the modest differences 
in the treatments, the results do not suggest clinical benefits. Cor-
ticosteroid use is associated with an increased risk of pulmonary 
complications and gastrointestinal bleeding in patients around 60 
years of age.28 Corticosteroid therapy is not indicated even for in-
complete lesions. Levy et al., reviewed 252 cases of spinal cord 
injuries from firearms and concluded that methylprednisolone did 
not change the prognosis even in incomplete lesions, similar to 
the findings of Heary et al.,27,14 In view of the evidence in the litera-
ture, its use is not recommended. 
Tetanus prophylaxis and antibiotic therapy are recommended, 
varying from two to three days for injuries without hollow vis-
cera involvement to 7 to 14 days when there is injury to the hol-
low viscera or colon perforation. The choice of antibiotic varies 
according to the site of the wound and additional injuries.

Various combinations can be used, the most common being 
cefotaxime, gentamicin, clindamycin and penicillin. The infec-
tion rate for this type of injury ranges from 7 to 22%.29 In the 
experience presented here, the incidence of infectious complica-
tions was 14.2%, 60% of which were related to meningitis and 
40% to spondylodiscitis. All patients who had infectious compli-
cations had hollow viscera perforated by the projectile, denoting 
more severe injuries. Even in the absence of a surgical indication 
at the outset, the patient should remain in the hospital and then 
continue to be monitored in frequent outpatient follow-ups, given 
the risk of infection, which can often prove insidious and require 
a subsequent surgical approach as a result of clinical deteriora-
tion, such as spondylodiscitis or meningitis. 
Few protocols and algorithms targeting the treatment of spinal 
gunshot injuries are found in the literature. Jaiswal et al. presented 
a protocol similar to that of the present study focusing on the 
management of these injuries. In contrast to most of the algorithms 
found in the literature, they suggest a protocol based on the 
experience with a large number of spinal GSW victims treated over 
a period of more than 15 years. Many algorithms are based on a 
small number of cases or do not cite the experience of a specialized 
center.15 An AOSpine study demonstrated a reproducible algorithm 
with a clear strategy for surgical indications.30 In injuries caused 
by GSWs, the criteria still depend on the isolated experience of 
specialized centers. We suggest multicenter studies in order to 
unify conducts, resulting in the emergence of a classification with 
an algorithm that is widely accepted.  
The clinical evaluation of the patients was not presented in 
the present study because, being the initial stage in a line of 
research, priority was given to addressing the epidemiology and 
presenting the care protocol, which needs to be validated by 
future research.  
Spinal GSW is a complex injury, and its treatment remains con-
troversial and challenging, Treatment still depends on the choice 
and experience of the surgeon. Decompression and removal of 
projectiles causing nerve compression can improve motor func-
tion, particularly in incomplete neurological lesions and if per-
formed early. Regardless of the level of the injury, recent onset or 
progressive neurological deterioration is an indication for urgent 
decompression. There is a continuing need for well-studied and 
well-executed protocols that can simplify treatment decisions 
and further improve the standard of care for this type of injury. 

CONCLUSION
The protocol presented has been systematically applied for more 

than 15 years and made standardization of conduct in a specialized 
trauma care center possible.       

GSW is an increasingly prevalent injury, yet there are still different 
ways to manage these patients. 
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