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Abstract 

 

Blunt abdominal trauma is one of the most prevalent and fatal injuries presenting in 

emergency departments (Mofidi et al., 2009). Due to high mortality rates, blunt abdominal 

trauma generally has a poor prognosis if undetected injuries lead to a delayed recognition of the 

need for a laparotomy, which increases a patient’s risks for surgical complications. Researchers 

are utilizing many indicators, including base deficit, to identify the need for operating room (OR) 

intervention. The student researcher will conduct a concept analysis using Walker and Avant’s 

(2005) eight-step model to explore base deficit. The purpose of this Honors Thesis is to analyze 

base deficit as a concept to better understand the role it plays in multiple patient clinical 

scenarios. The completion of a concept analysis will allow the use of this knowledge to inform 

clinical decision making. The goal is to provide information to a current ongoing research study 

at John Peter Smith Hospital. Researchers are looking at how different variables in combination 

with one another can indicate the need for OR intervention. Once these variables are identified, 

healthcare staff could potentially use electronic health records (EHR) to send alerts allowing 

medical providers to use these indicators to identify earlier in the treatment process when a 

patient needs operative intervention. 



 
 

Introduction 

Blunt abdominal is one of the most prevalent trauma injuries, bringing thousands of 

patients into the emergency department annually (O’Rourke, M., et al, 2020). Many patients who 

present to the Emergency Department after sustaining blunt trauma do not require a laparotomy. 

However, some patients present with an abdominal injury undetectable on scans, which after 

serial exams and trending of laboratory values results in a delayed laparotomy. Investigators in a 

large tertiary care center and Level I Trauma Center are currently examining the presence of 

indicators or factors in patients with blunt abdominal trauma that could help identify early 

warning signs of the need for laparotomy. The goal of the concept analysis is to identify these 

factors. The plan is to integrate the combination of identified variables into the clinical decision 

systems within the electronic health record (EHR) automated notification system to improve the 

healthcare team to identify earlier the need for surgical intervention in the operating room (OR).   

Abdominal trauma can be challenging and complex due to the difficulty of diagnosing 

and locating the source, and treating the problem (O’Rourke, M., et al, 2020). Additionally, 

patients who undergo an emergency laparotomy have a complicated high mortality rate (Tolstrup 

et al., 2017). Additionally, Tolstrup et al., (2017) found that one in five patients who undergo an 

emergency laparotomy died. There is an existing need to reduce the mortality rates of patients 

with blunt traumatic injuries needing an emergency laparotomy.  

The student researcher is engaged in a larger tertiary care center descriptive exploratory 

research study examining the potential for indices to the OR in blunt abdominal trauma. A 

retrospective chart review is currently underway to identify patients and factors supporting the 

need for an emergency laparotomy. However, this student researcher is evaluating one single 

potential indicator, base deficit, for her Texas Christian University (TCU) Honors Thesis. 
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Through this more extensive research study at John Peter Smith Hospital, the student researcher 

along with investigators, are looking to address the following questions:  

 Can researchers prevent delayed treatment in patients who are diagnosed with 

blunt abdominal trauma and improve outcomes?  

 What factors or indicators can help detect the need for OR intervention sooner? 

 What is base deficit, and can it be an indicator of OR intervention?  

 Base deficit is one indicator that the body is undergoing stress as well as a 

predictor of internal blood loss (Mofidi et al., 2009).  

Clinical Question  

The student researcher’s specific question is what is the existing knowledge about base 

deficit levels (arterial blood gas results) in patients as a predictor for critical clinical scenarios 

necessitating emergent interventions, including laparotomies?  

Conceptual Model  

The student used a four-component conceptual model, TABLE A. The traumatic event 

occurs (blunt abdominal impact or injury) and potential indicators (base deficit) for emergency 

laparotomy are identified. Next, the interventions (clinical system modeling, clinical decision-

making tools to populate an alert to staff of medical status changes [laboratory findings]) to 

identify the need for operative intervention (emergency laparotomy). The outcome (reduced 

morbidity and mortality and nurses’ ability to identify and use the early warning system) would 

show that the implementation of the combined use of variables to prevent delayed surgical 

intervention in patients needing an emergent laparotomy. This conceptual model identifies how 

research on base deficit combined with other variables such as lactate and heart rate can help 

lead to earlier, successful intervention in patients with blunt abdominal trauma. This earlier 
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intervention of laparotomy is a result of isolating the specific combination of variables which 

changes how healthcare providers can diagnose and quickly treat patients with blunt abdominal 

impact or injury. The thought is that once these isolated variables are identified and programmed 

into the EHR system would be able to put out an automatic notification to alert healthcare 

providers of the possible need for a laparotomy.  

Methods  

Base deficit was explored to clarify an ambiguity in how it has been defined and 

measured for patients with blunt abdominal trauma and in other traumatic and non-traumatic 

medical cases. The expected outcome is that a significant base deficit level will serve as a 

reliable indicator in patients with any traumatic medical event. Facilitating nurses will be able to 

identify changes in patients’ status in those who have experienced traumatic injuries. A four-step 

medical model and eight-step concept analysis framework will serve as the guide in discovering 

the role of base deficit in measuring changes in medical status for patients who have experienced 

a traumatic medical event (Walker & Avant, 2005.)  

The student researcher used the following databases to collect and analyze the concept of 

base deficit: Medline, Wiley Online Library, Cochrane Library, Embase, PubMed, and ProQuest 

to search the literature. Search terms included "base deficit," "blunt abdominal trauma," 

"indicators for," "laparotomy," and "emergen*,” “sepsis,” “acid-base balance,” “pH,” “the 

significance of,” “experimental,” “randomized,” “acid,” “base,” “surg*,” “mortality rate,” 

“causes of,” “morbidity,” “death,” and “arterial blood gas.” Due to the large volume of trauma 

patients who have blunt trauma, inclusion criteria included patients above the age of eighteen, 

only inpatient patients or in the hospital setting, articles written in English, both quantitative and 

qualitative research methods, and published literature within the last twenty years. Exclusion 
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criteria were patients under the age of 18, patients who had been discharged from the hospital or 

emergency department, studies written in any other language than English, articles dated older 

than 20 years, dissertations, editorials, newspapers, and opinion papers.  

Concept  

Base deficit, a value determined through blood analysis, can be an indicator of numerous 

clinical findings. Base deficit is defined as a chemical imbalance in the body in which there are 

not enough bases creating an acidotic state, indicating excess acid production (“26.5 Disorders of 

Acid-Base Balance,” 2013). Base excess is the exact opposite where there are too many bases 

and not enough acids, leading to an alkalotic state with excess base production (“26.5 Disorders 

of Acid-Base Balance,” 2013). This elevated acid production is what can tell us specific trends 

and condition status about patients regarding respiratory status, the amount of compensation the 

body is attempting, sepsis indicators, along with a large number of other values.   

Purpose of Analysis  

The purpose of conducting an analysis on base deficit is to better understand this specific 

variable and its impact on a patient’s condition and treatment plan. By conducting a concept 

analysis, base deficit is being explored across all current data to better understand its predictive 

or trending nature. The hope is that by completing a data analysis on all concepts of base deficit, 

determination can be made whether base deficit is a predictive value in the need for an emergent 

laparotomy in blunt abdominal trauma.  

Use of Concept  

Base deficit has been utilized in a variety of settings to help clinicians better understand 

what is going on in the body. Base deficit has also been studied as an indicator in other cases. 

Abdul-Malak et al., (2016), discovered that an elevated base deficit upon admission to the 
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hospital has the potential to indicate a change in the patient’s immune system/inflammatory 

pathways which could necessitate a change in the patient’s treatment. Next, Cheddie, et al. 

(2013) discovered that base deficit can indicate a patient’s impairment in coagulation. One of the 

other areas of exhausted investigation regarding base deficit is its ability to indicate mortality in 

pesticide poisoning (Lee et. al, 2018). Javali et al., (2017) identified trauma as having the highest 

death rate in India. These researchers conducted a study to look at the relationship between 

lactate and base deficit and their relationship with mortality rates. They found that elevated 

lactate and base deficit can indicate a higher mortality rate, severity of the patient’s condition and 

indication for needed blood products (Javali et al., 2017). Lastly, the indication of base deficit 

can vary on the type of injury sustained by the patient. Tremblay et al. (2002) found that base 

deficit is specifically best in predicting mortality or level of hypoxemia in patients with gunshot 

wounds or blunt trauma. 

However, while the current literature has already identified base deficit as an indicator 

associated with blunt abdominal trauma, it has not examined at base deficit as an indicator for 

surgical intervention. Mofidi et al. (2010) studied the effects of using base deficit as an indicator 

to identify intra-abdominal injury after blunt abdominal trauma and found that base deficit can 

show that the patient has an intra-abdominal injury and has a high need for transfusion. 

Similarly, Heidari et al. (2017) conducted a multi-center study and found that base deficit can 

indicate abdominal bleeding and an increased risk of mortality. They found that 21% of patients 

in the study did not survive, and these patients were initially admitted with the lowest base 

deficit (-7.24mEq/L). A study at the University of Nairobi conducted by Ojuka et al. (2017) 

looked at the exact values of base deficit to determine intra-abdominal injury. They determined 

that a base deficit of less than - 4.15 indicates abdominal injury. The current literature has 
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examined base deficit as an indicator in blunt trauma but lacks information on whether or not the 

patient needs OR intervention. 

One of the most popular topics in the literature regarding base deficit is its role in patients 

who are in shock.  In 2013, Privette gathered data and published an article suggesting the use of 

replacing or revising the current Advanced Trauma Life Support classification system. This 

author found that base deficit is highly predictive of hypovolemic shock in patients with blunt 

trauma. Similarly, Sixta et al., 2012 found that worsening base deficit correlates with 

hemorrhaging in trauma patients. Based on this data, base deficit can play a role in predicting the 

severity and potential shock in blunt trauma patients.  

In a study conducted by Vasileiadis et al. (2019), people with asthma are at a higher risk 

for base deficit due to respiratory acidosis. While base deficit occurs more frequently in asthma 

exacerbations or episodes of crisis, quick intervention to correct base deficit should be included 

in the immediate treatment plan. In addition to respiratory problems, patients with cancer have an 

increased risk of base deficit. In 2011, Hajjar et al. conducted a study to determine the 

predictability of base deficit along with lactate in mortality of cancer patients. They concluded 

that every cancer patient in the ICU should have both lactate and an acid base value drawn to 

determine any acid base balance abnormalities such as base excess or base deficit that could be 

problematic and contribute to further complications (Hajjar et al., 2011). Patients with Chronic 

Kidney Disease (CKD) may also develop base deficit due to the buildup of hydrogen ions (acid) 

in the kidney caused by a lack of excretion due to decreased renal function (Kovesdy, C., 2020).  

Defining Attributes  

Blunt trauma occurs when an injury has no open, entrance, and/or exit wound, and is 

most commonly caused by falls and motor vehicle accidents (Lewis et al., 2017). When 
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analyzing indicators, the researchers are looking at levels of various regulators in the body, 

including acid-base balance. Acid-base balance is how “the body normally maintains a steady 

balance between the acids continually produced during normal metabolism and the bases that 

neutralize and promote the excretion of the acids” (Lewis et al., 2017, p. 825) represented by pH 

level. If the acid-base balance is not balanced, base deficit or base excess can occur. Base deficit 

is a chemical imbalance in the body in which there are not enough bases creating an acidotic 

state and indicating acid production. This level is measured through arterial blood gases, which 

measures the oxygen and acid-base balance through a patient’s artery (Lewis et al., 2017).  

Model & Borderline Case  

Walker and Avant (2011) describe the model case as a “pure case of the concept, a 

paradigmatic example, or pure exemplar” (p.163), one that encompasses all defining attributes of 

a concept. Additionally, they describe the borderline case as one that has some defining 

attributes, but not all of them (Walker & Avant, 2011). Currently, the existing research and 

evidence demonstrates a borderline case. The literature describes the relationship between base 

deficit and blunt abdominal trauma as a predictor of intra-abdominal bleeding and the need for a 

potential blood transfusion. It has also shown sensitivity between a high level of base deficit and 

mortality rate. However, ongoing research at a Tarrant County hospital is looking to create the 

model case for the relationship between base deficit and other variables such as lactate and heart 

rate to detect earlier need for surgical intervention in blunt abdominal injury or impact.  

Related Case  

Walker and Avant (2011) describe the related case as one that is complementary to the 

concept but does not contain “critical defining attributes.” Base deficit has been explored across 

multiple realms of healthcare. While the focus on the concept of base deficit and its role in blunt 
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abdominal impact and injury is more limited, the literature exhausts base deficit and its role in 

pesticide poisoning, hypoxemia, shock, immune and inflammatory pathways, asthma, CKD, and 

coagulation. The use of base deficit in these situations is the goal for research in base deficit and 

its sensitivity towards recognizing the need for surgical intervention.  

Contrary Case 

A situation where base deficit is unrelated to this concept is its potential for insensitivity. 

While much research shows the high predictability and sensitivity of base deficit in providing 

more information about the critical level of the patient, some research contraindicated this 

statement. Chawla et al. (2010), conducted a study that found that the level of base deficit can 

misrepresent the lactate level, specifically hyperlactatemia. Both lactate and base deficit are 

measurements that can determine levels of fluid resuscitation once patients are in the OR. These 

researchers concluded that with fluid administration, base deficit should not be correlated with 

the lactate level; rather point of care testing is more accurate (Chawla et al., 2010). Another 

research study conducted by Gustafson et al. (2015), examined the relationship between alcohol 

on lactate and base deficit levels. This research concluded that patients with positive serum 

alcohol levels could create a misrepresentation or incorrect positive base deficit and lactate 

values. This “false positive” could potentially lead to a higher number of laparotomies, which 

would result in more unnecessary surgeries.  

Antecedents  

When looking at base deficit in patients with metabolic acidosis, researchers found there 

are a variety of potential causes leading to acidosis, including: cyanide and carbon monoxide 

poisoning, arsenic, toluene, methanol, metformin, uremia, DKA, paraldehyde, iron, INH, lactate, 

ethylene glycol, and salicylates (Burger and Schaller, 2019). These listed factors are outside 
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factors that can increase a patient’s base deficit exponentially in combination with their 

condition.  

Looking at acidosis specifically (pH < 7.35), initial presenting clinical findings include 

headache, lethargy, confusion, tachycardia, nausea and vomiting, and shortness of breath. These 

symptoms present when the blood contains more acid and less bicarbonate (“26.5 Disorders of 

Acid-Base Balance,” 2013).  

According to existing literature, the most prominent adult patient populations that 

healthcare providers choose to order lab work to determine acid-base balance include trauma, 

ICU, and surgical patients. Additionally, when healthcare providers receive an acid base balance 

value, they are typically looking at a trend of values from arterial blood. Most commonly 

coupled with base deficit is the lactate value. While base deficit has been determined as a 

contributing factor in determining morbidity or mortality in Intensive Care Unit (ICU) patients, a 

study completed by Martin et al., 2006 analyzed the relationship between lactate and base deficit 

and which factor is more predictive of morbidity/mortality. They concluded that both factors 

have a predictive nature, but lactate is more specific on its own, whereas base deficit is more 

predictive when combined with other indices. This combination of looking at values in a 

relational term improve the predictability of base deficit as an indicator.  

Consequences  

Base deficit can take a toll on the human body and as evidenced by the literature is highly 

predictive of morbidity and mortality. When the body remains in an acidotic state, different 

disease processes or conditions can occur, including osteoporosis, kidney stones, and different 

forms of cancer (Pizzorno, 2015). Additionally, if the patient remains acidotic, a trend that can 

indicate a worsening illness. As evidenced by the literature, base deficit is used in the healthcare 
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setting in patients with Acute Respiratory Distress Syndrome, sepsis, DKA, heart failure, cardiac 

arrest, or asthma (Castro & Keenaghan, 2020). All of these complicated illnesses combined with 

a trend in base deficit can cause a decline in the patient’s condition.  

Empirical Referents  

In CKD patients, base deficit results from the buildup of acids due to the kidneys 

impaired excretion ability. This chronic level of base deficit can lead to a number of secondary 

conditions, such as inflammation, hypotension, osteopenia, muscle breakdown, and an increased 

rate of mortality (Kovesdy, 2020). Additionally, patients in Diabetic Ketoacidosis (DKA) are in a 

state of acidosis due to the excessive buildup of -hydroxybutyric and acetoacetic acids, 

therefore causing base deficit (Chaisson, et al., 2003). Once the body is in DKA, it attempts to 

compensate through hyperventilation. Base deficit will continue until the body’s pH is restored 

through treatment of DKA. In patients with Duchenne muscular dystrophy, base deficit can 

occur due to the development of metabolic acidosis which can then become life threatening (Lo 

Cascio, et al., 2014).  

Conclusion  

Base deficit is used in a variety of patient populations to predict, determine, and evaluate 

the prognosis or status of a patient including morbidity and mortality rates. Based on current 

evidence and literature, base deficit plays a highly specific role in trauma. This idea shows 

potential for its predictability in detecting unseen intraabdominal hemorrhage or injury after a 

blunt traumatic injury. Once healthcare systems can more rapidly identify OR indicators based 

on other ongoing research, providers and nurses will be able to expeditiously identify which of 

their patients has a need for earlier operative intervention, thus improving overall morbidity and 

mortality of blunt abdominal trauma patients. 
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TABLE A: 
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