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Preface to the 3rd Edition 
 
 

Since 2010, the Acute Care Surgery Practice Management Guidelines has gained wide acceptance as the 
institutional reference of choice for common problems in trauma and emergency surgery. The second 
edition expanded on the original, including more and expanded topics. The third edition includes new 
guidelines, such as small bowel obstruction, and many revised subjects with updated references.  
 
As surgical educators, we believe this book will continue to provide an effective educational tool for 
medical students, surgical trainees, regional providers, nurses and other providers caring for the acutely ill 
and injured. Specific benefit may lie with those providers who do not routinely care for traumatized 
patients or those requiring emergent surgery, offering guidance in uncommon situations. The content 
herein serves as the “criterion standard” for surgical care within the Division of Acute Care Surgery at 
Mizzou, diminishing variations of care and establishing benchmarks to assist in our performance 
improvement and patient safety program. As a Level I Trauma Center, we hold certain expectations that 
must be met in order to attain and retain such an important designation. We have outline many of these 
expectations and standards of care that align us with the American College of Surgeons Committee on 
Trauma to ensure the highest quality care for the patients of Missouri. 
 
The content comes from careful, meticulous review of pertinent textbooks, recent literature from peer-
reviewed journals and practice recommendations from various professional organizations. Several large 
centers and some of our most trusted mentors were valuable resources in guiding the development of this 
book. It warrants mention that no guideline can be written to address every possible patient care scenario, 
thus sound clinical judgment and decision-making skill remains vital to achieve optimal outcomes.  
 
 

Faculty of the Division of Acute Care Surgery 
Hugh E. Stephenson, Jr. MD Department of Surgery 

University of Missouri School of Medicine 
Columbia, MO 

 
3nd Edition © 2018 Division of Acute Care Surgery, University of Missouri, Columbia, Missouri. 
All text and images copyright Division of Acute Care Surgery 2018. 
Illustrations copyright Jacob A. Quick MD © 2018. 
 
1st Edition © 2010 Division of Acute Care Surgery, University of Missouri 
2nd Edition © 2015 Division of Acute Care Surgery, University of Missouri, Columbia, Missouri. 
 
All rights reserved. This manual is protected by copyright. No part of this book may be reproduced in any form or by any means, including 
photocopying, or utilized by any web-based system without written permission from the authors. Care has been taken to confirm the accuracy of 
the information and to describe accepted practices. The authors and contributors are not responsible for errors or omissions or for any 
consequences from application of the information in this book and make no warranty, expressed or implied, with respect to the currency, 
completeness or accuracy of the contents of the publication. Application of this information in a particular situation remains the responsibility of 
the practitioner. The authors have exerted every effort to ensure that included medication information is in accordance with current 
recommendations and practice at the time of publication. We encourage you to review the package insert for each drug for any changes that may 
have occurred since publication. It is the responsibility of the health care provider to ascertain the FDA status, indications, risks and benefits of 
medication prior to use.  
The manual is available on our Division website at www.muhealth.org/acutecaresurgery.  Copies can be obtained by providers outside the MU 
Health Care system by calling the Acute Care Surgery administrative office at (573) 884-1880.  Discussion or questions regarding content can be 
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2  |   Section I   |   Service Introduction    

 

 

 
Editors 
 
Jacob A. Quick MD, FACS 
Assistant Professor and Director of Surgical Research, University of Missouri-Columbia 
 
Jeffrey P. Coughenour MD, FACS 
Associate Professor and Trauma Medical Director, University of Missouri-Columbia 
 
 

Contributors 
 
Stephen L. Barnes MD, FACS 
Professor  
Chief of the Division of Acute Care Surgery 
University of Missouri-Columbia 
 
Salman Ahmad MD, FACS 
Assistant Professor  
Director Surgical Intensive Care Unit 
University of Missouri-Columbia 
 
Christopher S. Nelson MD, FACS 
Director of Emergency General Surgery 
University of Missouri-Columbia 
 
Jeffrey Litt DO, FACS 
Assistant Professor  
Burn Center Director 
University of Missouri-Columbia 
 
Leann Johnson, RN, BSN, CCRN 
Trauma Program Manager 
University of Missouri-Columbia 
 
Ashley Jones, APRN, ACCNS-AG, CCRN 
Acute Care Surgery Clinical Nurse Specialist 
University of Missouri-Columbia 

 
Stephanie Ward, RN, BSN, CCRN 
Acute Care Surgery Nurse Clinician 
University of Missouri-Columbia 
 
 
 

 

Kassie Campbell, RN, BSN 
Acute Care Surgery Nurse Clinician 
University of Missouri-Columbia 
 
Jessica Holt, RN, BSN 
Acute Care Surgery Nurse Clinician 
University of Missouri-Columbia 
 
Jennifer Randolph, RN, BSN 
Acute Care Surgery Research Coordinator 
University of Missouri-Columbia 
 
Paul Linneman, RN, BSN, CCRN, CWS 
Acute Care Surgery Nurse Clinician 
University of Missouri-Columbia 
 
Shelley Potts, MSW, LCSW 
Acute Care Surgery Social Worker 
University of Missouri-Columbia 
 
Jennifer Hedgecorth, PharmD, BCPS 
Acute Care Surgery Pharmacist 
University of Missouri-Columbia 
 
Heather Heberle, RDN, LD 
Acute Care Surgery Dietician 
University of Missouri-Columbia 
 
 



 
 
 

Service Introduction   |   Section I   |  3 

 

 

Table of Contents 

 

Section I: Service Introduction ............................................................ 8 

1. Service Introduction ............................................................................................. 8 

Patient Care – Trauma ................................................................................................................ 8 
Trauma Alert System .................................................................................................................. 8 
Diagnostic Studies in Trauma Patients ................................................................................ 9 

Documentation .............................................................................................................................. 9 
Trauma Admission Orders ...................................................................................................... 10 
Daily Census ................................................................................................................................. 10 

Patient Care – Elective or Emergency General Surgery ................................................ 11 
Notification of Consultants ....................................................................................................... 11 
Admission Office Notification .................................................................................................. 11 

Referring Physician Calls .......................................................................................................... 12 
ICU and Ward Calls ..................................................................................................................... 12 
Patient Rounds ............................................................................................................................. 12 

Hospital Discharges .................................................................................................................... 12 
Service Transfers ......................................................................................................................... 13 
Clinic Responsibilities ................................................................................................................ 13 

Acute Care Surgery Service Personnel ............................................................................... 13 
Teaching Conferences ............................................................................................................... 14 

2. Conduct of Rounds in the Surgical ICU ............................................................ 15 

3. Patient Transfer & Discharge Guidelines ......................................................... 16 

Section II: Trauma ............................................................................... 17 

4. General Evaluation and Disposition of Injured Patients ................................ 17 

5. Trauma Team Activation Reference .................................................................. 18 

6. Trauma Team Roles and Responsibilities ........................................................ 19 

Trauma Team Roles ................................................................................................................. 20 

7. ATLS® Evaluation and Management .................................................................. 21 

8. Prehospital Criteria for Termination of Resuscitation .................................. 22 

9. Management of Traumatic Cardiac Arrest ...................................................... 23 

10. Trauma Radiology ............................................................................................. 24 

Outside Hospital Imaging ...................................................................................................... 25 



 
 
 

4  |   Section I   |   Service Introduction    

 

 

11. Incidental Findings ............................................................................................ 26 

Incidental Findings Guide ...................................................................................................... 27 

12. AAST Grading of Organ Injury ........................................................................ 28 

13. Head & Neck Injury ............................................................................................ 30 

The Canadian Head CT Rule ................................................................................................. 30 

Facial and Temporal Bone CT Imaging ............................................................................. 31 

Blunt Cerebrovascular Injury ................................................................................................ 32 
Penetrating Neck Injury .......................................................................................................... 34 

14. Spine Injury ........................................................................................................ 35 

Acute Spinal Cord Injury ........................................................................................................ 36 

15. Thoracic Trauma ................................................................................................ 37 

Rib Fracture Management ..................................................................................................... 38 
Blunt Cardiac Injury .................................................................................................................. 39 
Suspected Injury to Thoracic Aorta or Arch Vessels .................................................. 40 

Management of Thoracic Aortic Injury .............................................................................. 41 
Penetrating Mediastinal Injury ............................................................................................. 42 

16. Abdominal Trauma ............................................................................................ 43 

Penetrating Thoracoabdominal Trauma .......................................................................... 44 
Penetrating Abdominal Trauma .......................................................................................... 45 
Blunt Abdominal Trauma & Shock ..................................................................................... 46 
Blunt Abdominal Trauma & the Declining Patient ....................................................... 47 

17. Genitourinary Trauma ....................................................................................... 48 

18. Extremity Vascular Injury ................................................................................. 49 

19. Evaluation and Management of Thermal Injury .......................................... 50 

Acute Burn Resuscitation >20% TBSA ............................................................................. 52 
Initial 24 Hours ............................................................................................................................. 52 
Oliguria with Normotension ................................................................................................... 52 
Hypotension ................................................................................................................................. 53 

Myoglobinemia/Myoglobinemia/Rhabdomyolysis ........................................................ 53 
Second 24 Hours ........................................................................................................................ 53 

Adjuncts in Burn Care ............................................................................................................. 54 

20. Injury in Pregnancy ........................................................................................... 55 

21. Pediatric Emergency Medication Reference................................................. 56 

22. Geriatric Trauma ................................................................................................ 57 

Geriatric Trauma Management Principles ....................................................................... 58 
Trauma-Specific Frailty Index .............................................................................................. 59 



 
 
 

Service Introduction   |   Section I   |  5 

 

 

23. Thromboelastography ..................................................................................... 60 

TEG Examples ............................................................................................................................. 61 

24. Massive Transfusion Guideline ........................................................................ 62 

Section III: Organ System Management Guidelines ...................... 63 

25. Cardiovascular ................................................................................................... 63 

Resuscitation .............................................................................................................................. 63 
IV Access ...................................................................................................................................... 64 
Volume .......................................................................................................................................... 65 
Endpoints & Monitoring .......................................................................................................... 66 
Hemodynamic Normal Values & Calculations ................................................................ 67 

Vasopressors & Inotropes ...................................................................................................... 68 
Management of Atrial Fibrillation ....................................................................................... 69 
Hypertension .............................................................................................................................. 70 

26. Pulmonary ............................................................................................................ 71 

Mechanical Ventilation for Surgical Residents ............................................................... 71 

Modes of Mechanical Ventilation ........................................................................................ 72 
Pressure vs. Volume .................................................................................................................. 72 
Support ........................................................................................................................................... 72 
Control ............................................................................................................................................ 72 

Pressure Regulated Volume Control (PRVC) .................................................................. 73 
Airway Pressure Release Ventilation (APRV) .................................................................. 74 

Evaluation and Management of Hypoxia ......................................................................... 75 

Evaluation & Management Hypercarbia ........................................................................... 76 
Hypoxia/Hypercarbia Ventilator Example Waveforms .............................................. 77 
Pulmonary Positioning ............................................................................................................ 78 
Liberation from Mechanical Ventilation ........................................................................... 79 
Sedation and Maintenance of Mechanically Ventilated Patients ............................ 80 

Ventilator-Associated Pneumonia ....................................................................................... 81 

Inhalational Injury ...................................................................................................................... 82 
Early Tracheostomy ................................................................................................................. 83 

27. Endocrine ............................................................................................................ 84 

Management of Hyperglycemia in the Critically Ill ...................................................... 84 
Critical-Illness Related Corticosteroid Insufficiency .................................................... 85 

28. Nutrition .............................................................................................................. 86 

Nutritional Support in the ICU ............................................................................................. 86 
Calculation of Nutritional Needs ......................................................................................... 87 
Periprocedural Fasting Guidelines ..................................................................................... 88 



 
 
 

6  |   Section I   |   Service Introduction    

 

 

Maintenance of Enteral Feeding Access .......................................................................... 89 
Electrolyte Replacement ........................................................................................................ 90 

29. Gastrointestinal ................................................................................................. 91 

Small Bowel Obstruction ........................................................................................................ 91 
Abdominal Compartment Syndrome ................................................................................ 92 
Gastrointestinal Prophylaxis ................................................................................................. 93 
Evaluation & Management of Constipation .................................................................... 94 

Evaluation & Management of Diarrhea ............................................................................. 95 

Preoperative Bowel Prep ....................................................................................................... 96 

30. Renal .................................................................................................................... 97 

Acute Kidney Injury: Evaluation .......................................................................................... 97 
Acute Kidney Injury: Management ..................................................................................... 98 
Approach to Non-Gap Metabolic Acidosis ..................................................................... 99 

Common Non-Gap Acidosis Causes & Work-up ........................................................ 100 

Renal Tubular Acidosis ...........................................................................................................101 
Management of Urinary Catheters ....................................................................................102 

31. Hematologic ..................................................................................................... 103 

Chemoprophylaxis for Venous Thromboembolic Events ....................................... 103 

Coagulopathy & DVT Prophylaxis  in Traumatic Brain Injury ................................ 104 
DVT Prophylaxis in Spine Injury ........................................................................................ 105 
Extended DVT Prophylaxis Guidelines ........................................................................... 106 
Heparin Infusion for Therapeutic Anticoagulation .......................................................110 

Urgent or Emergent Anticoagulation Reversal .............................................................. 111 
Blood Conservation Strategies ............................................................................................ 112 

Reducing Acute Blood Loss .................................................................................................. 112 
Preventing Subacute Anemia in Critically Ill Patients ................................................. 113 

Red Blood Cell Transfusion in Adult Trauma and Critical Care .............................. 114 

32. Infectious Disease ............................................................................................ 115 

Evaluation of Fever .................................................................................................................. 115 
Antimicrobial Use for Acute Care Surgery ..................................................................... 116 
Specific Antimicrobial Regimens ........................................................................................ 118 

33. Neurologic ........................................................................................................ 120 

Indications for CT in Mild Traumatic Brain Injury ........................................................120 

Severe Traumatic Brain Injury Guidelines ....................................................................... 121 
Hyperosmolar Therapy in Traumatic Brain Injury ....................................................... 123 
Analgesia and Sedation Assessment ............................................................................... 124 
Inpatient Analgesia Recommendations .......................................................................... 125 
Outpatient Analgesia Recommendations ...................................................................... 126 

Neuropraxial Pain Control in Acute Care Surgery ...................................................... 127 



 
 
 

Service Introduction   |   Section I   |  7 

 

 

Alcohol & Hypnosedative Withdrawal ............................................................................. 128 
Delirium Assessment & CAM-ICU ...................................................................................... 129 
Analgesia, Sedation and Anti-Delirium Guidelines .................................................... 130 

Determination of Brain Death by Neurologic Criteria ............................................... 132 
Care of the Potential Donor ................................................................................................. 133 

Section IV: Procedures ..................................................................... 134 

General Airway Management Guideline .......................................................................... 134 
Technique for Surgical Airway ........................................................................................... 135 
Resuscitative Thoracotomy ................................................................................................. 136 
Percutaneous Tracheostomy .............................................................................................. 138 
Standard Tracheostomy & PEG Management .............................................................. 139 

Pulmonary Artery Catheter Insertion .............................................................................. 140 

Vacuum-Assisted Wound Dressing Guidelines ............................................................ 143 
Bronchoalveolar Lavage ...................................................................................................... 144 
Chest Tube Management ...................................................................................................... 145 
Cook® Tiger 2™ Nasojejunal Feeding Tube .................................................................... 147 

Section V: Appendix ......................................................................... 148 

Non-Invasive Ventilator Initiation and Management .................................................. 148 
Ventilator Initiation and Management—Adult Intensive Care ................................149 

Ventilator Management – ALI & ARDS ............................................................................. 150 

Readiness to Extubate / Spontaneous Breathing Trial .............................................. 151 
Determination of Death by Neurological Criteria Surgical Critical Care 
Documentation ......................................................................................................................... 152 
Examination Criteria for Brain Death Determination ................................................. 154 

  



 
 
 

8  |   Section I   |   Service Introduction    

 

 

Section I: Service Introduction 

1. Service Introduction 
 
Acute Care Surgery, as a defined surgical subspecialty, is best described as the general surgeon of the 
past.  This readily available surgeon provided trauma care, surgical critical care, and emergency or 
elective general surgery service to a wide array of surgical disease processes.  With the further sub-
specialization of today’s surgeons, our practice continues to have a significant positive impact on resident 
and medical student education.   
 
Major rotation objectives are:  Provide clinical experience, instruction, and knowledge in the initial 
assessment/evaluation, resuscitation, surgical intervention, and management of all injured adult and 
pediatric patients, adults with urgent or emergent general surgical illness, and those with critical care 
needs related to their injury or disease process. 
 
Patient Care – Trauma 
The majority of trauma patients are admitted via the emergency department (ED).  Patients not 
transported directly from the scene who receive initial evaluation at a surrounding hospital are often 
referred to University Hospital for our trauma surgery/specialty resources, and are often evaluated in our 
ED upon arrival.  The emergency medicine (EM) attending completes physician communication from the 
referring facility.  Occasionally, patients will be admitted directly to the ward or surgical ICU from a 
referral facility after communication with faculty.  Minor injuries, whether from scene or an outside 
facility, will often be evaluated and disposition determined by the EM physicians without involvement of 
the ACS service.  More serious injuries warrant involvement of our service upon arrival, and are 
classified according to the “Trauma Team Activation Criteria.” 
 
Initial assessment and evaluation of the multiply injured patient should proceed according to standard 
ATLS guidelines.  A review of the ATLS provider manual is highly recommended.  Resident roles and 
responsibilities during the initial evaluation are outlined elsewhere.  Role assignment is pre-designated 
depending upon experience, skill proficiency, and resident knowledge base.  The chief surgical resident 
(PGY-4 or PGY-5) assumes responsibility for the timely evaluation, management, and disposition of the 
trauma patient.  This responsibility also includes the timely notification of the attending physician.  
Patient disposition should be determined as early as possible.  The entire diagnostic evaluation/disposition 
should proceed expeditiously.  Should it become obvious during the initial evaluation that the patient will 
require surgical intervention, it is imperative that the OR be contacted immediately.  A surgical resident 
will accompany hemodynamically unstable patients outside the ED for all diagnostic procedures (i.e. CT 
scan, angiography, etc.). 
 
Trauma Alert System 
The trauma team activation criteria were designed to provide rapid and efficient mobilization of personnel 
and resources essential for the initial evaluation and management of an injured patient.  The system is 
divided into three levels:   

 Alert 1 Activation:  Full trauma team, largely based on abnormal physiology and a high 
probability of life-threatening conditions.  Includes the trauma faculty within 15 minutes of 
patient arrival, mobilization of operating room staff and resources, and delivery of blood 
components to the ED. 
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 Alert 2 Activation:  Partial trauma team, largely based on injury pattern and the potential for 
serious injury.  Patients may have significant injuries that require urgent operative intervention, 
but are hemodynamically normal.  Timely coordination with consulting services and the OR is 
often necessary. 

 Alert 3 Activation:  Limited trauma team, based on mechanism and special populations at risk for 
clinical deterioration when no serious injury may be immediately apparent. 
 

Pre-arrival notification of the trauma team will occur whenever possible via the paging system.  Alert 3 
activation notification only involves trauma program staff, support services (radiology, CT, etc.) and EM 
providers.  Residents should be familiar with the trauma team activation criteria and should be present in 
the ED with patient care roles assigned prior to the arrival of a trauma patient. 

 
Diagnostic Studies in Trauma Patients 
Laboratory studies and radiographic tests should be ordered on trauma patients based on severity of 
injury.  Blood alcohol and urine drug screens are ordered selectively based on examination and discretion 
of the trauma team leader (all patients with a GCS ≤ 14 should receive alcohol and toxicology studies).  
Point-of-care (POC) testing is available in the ED and should be used for critically ill patients where turn-
around time of certain lab values will assist in time-sensitive management decisions.  

 
Documentation 
The Trauma Surgery Initial Encounter Note is to be completed on all injured patients admitted to or 
receiving consultation from the service.   

 Critical errors and frequently missing data include: 
o Chief Complaint/Mechanism 
o Injury time 
o Loss of consciousness 
o Laboratory results 
o Procedures 
o Primary diagnosis (MVC or “multi-trauma” is not an adequate medical diagnosis) 
o Admitting physician (trauma attending on-service) 
o Referring physician and hospital when applicable 
o County of injury for arrivals directly from the scene. 

   
The trauma admission form, upon completion by the trauma attending, will be scanned for inclusion in 
the electronic health record (EHR).  A brief summary will also be dictated by the trauma attending.   

 Missing trauma initial encounter documentation is the responsibility of the chief surgical resident 
on-call that day.  Any trauma admission form submitted incomplete will be returned to the chief 
resident for completion.   

 Missing data elements will be noted for completion.   
 Any and all significant changes in patient condition while in the ED or after arrival to the 

ICU/ward should be documented completely and legibly in the medical record. 
 THE TRAUMA INITIAL ENCOUNTER FORMS SHOULD BE COMPLETED IN LEGIBLE 

ENGLISH.   
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The Acute Care Surgery Subsequent Encounter Note is used to document subsequent inpatient care.  
Please remember that the medical chart is a legal document.  Think before you write.  Do not scribe 
disagreements in the medical record.  The attending faculty assumes the liability for your actions and your 
words.  Daily progress, as well as any acute changes in patient condition, should be documented in the 
chart completely, accurately and legibly with the appropriate date and time.   

 Also include in daily notes: 
o Chief complaint 
o An interval history of events from the past 24 hours 
o Vital signs 
o Physical examination 
o Pertinent laboratory and radiographic results 
o Diagnoses 
o Treatment plans 

 
All procedures (central venous lines, chest tubes, arterial lines, intubation, DPL, etc.) should have an 
Acute Care Surgery Procedure Note completed in detail electronically or dictated.  Please notify the 
attending physician prior to performing the procedure, realizing some emergent situations necessitate 
immediate performance of procedures prior to attending notification, and place documentation of the 
procedure in the medical record at the conclusion of the procedure.  Timely recording of interventions is 
necessary to facilitate patient care by providers that may not be as familiar with the case as the primary 
team.  Procedure notes should be completed for all procedures regardless of whether the attending is 
present or absent. 
 
Medical Students & Documentation 
CMS requirements for documentation frequently change, however, currently medical students may 
perform encounter documentation with some caveats. The attending physician must verify all student 
documentation. Any contribution and participation of a student to the performance of a billable service 
must be performed in the physical presence of a teaching physician or resident in a service meeting the 
requirements for teaching physician billing. The attending physician must verify in the medical record 
all student documentation.  Procedures may not be documented by students. In clinic, new patients should 
be seen with a resident prior to presentation to faculty, with residents or faculty completing 
documentation, as new patients frequently require orders, case postings and other components not 
appropriate for students – although their involvement in the process is encouraged, as there are a plethora 
of learning opportunities. 
 
Trauma Admission Orders 
Electronic orders are required for all admissions and should be completed in a timely manner to assure 
efficient ED throughput.  Order templates for the ACS service exist in the EHR, and should be utilized.  
Remember, patient admission and/or transfer cannot proceed without completed orders.  Please ensure 
orders are completed in a timely manner. 
 
Daily Census 
A daily census will be the responsibility of the ACS service residents with assistance from the service’s 
medical students.  Updated census information including overnight admissions should be complete for 
morning rounds.  All patients admitted to or consulted by the service should be represented on the census, 
with a current and accurate list of demographic information, diagnoses, and major procedures. 
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Patient Care – Elective or Emergency General Surgery 
Most emergency general surgery patients are admitted via the ED.  Occasionally, there will be direct 
inter-facility transfer from referring hospitals that bypass ED evaluation.  Direct admissions or 
consultations should be seen readily after first notification, subsequent discussion with the appropriate 
ACS faculty member should occur as soon as possible.  In certain situations, it is permissible to triage 
appropriate patients to other general surgery services, but only after initial evaluation and reasonable 
diagnostic possibilities have been established.  The ACS attending will approve the transfer, and transfer 
of service should be arranged between the chief surgical residents and/or attending, but not between 
junior house officers.  All ICU surgical consults and in-house emergency consults (including emergent 
clinic consults) are also the responsibility of the service.  Patients who have a previously established 
relationship with another service attending should remain the responsibility of that service. 
Communication at the attending level can and should occur in these situations to plan an effective transfer 
of care. 
 
Elective general surgery currently represents a smaller portion of the service’s activity, comprising about 
10% of patient volume.  Patients are usually seen and evaluated through the clinic, discussed in more 
detail later.  As with more emergent complaints, timely evaluation and communication with faculty 
members assures quality care and higher patient satisfaction.  Initial documentation should include a 
complete dictated history and physical.  All subsequent care is documented on the Acute Care Surgery 
Subsequent Encounter Note.  Operative procedures, when necessary, will be posted at the direction of a 
faculty member.  Scheduling can be reached at 882-6134 after hours.  Urgent or emergent postings are 
called to the OR control desk at 882-6103. 
 
Notification of Consultants 
Consultant(s) evaluation is frequently required for the complete evaluation and treatment of the multiply 
injured patient, less frequently for the general surgery patients.  Timely consultant notification and patient 
evaluation are necessary to minimize ED length of stay and to ensure high-quality patient care.  The 
expectation is that consultants will be notified as soon as the secondary survey is completed.  Consultants 
should respond to a page within 10 minutes.  Consultants should be present for patient evaluation within a 
reasonable time of notification.  Immediate need for consultation should be conveyed to the consultant as 
necessary. Consultation should be performed by an upper-level resident (PGY-2 or higher) or faculty 
whenever possible.  Problems should be forwarded to the faculty member as soon as possible for 
resolution, and documentation of consultant notification and evaluation times should be documented in 
the medical record (requirement for trauma center verification). 
 
Admission Office Notification 
The decision regarding hospital admission, level of care (ICU, floor, telemetry), and admitting service can 
be made rapidly for the vast majority of patients.  Others require additional diagnostic imaging or 
consultant input before the proper admission destination is determined.  With the exception of patients 
taken directly to the OR, the service will ensure that the admitting process is initiated as soon as possible.  
House managers will begin bed assignments and work to avoid needless delays.  A working diagnosis, 
sex, and hospital area (ICU, telemetry, floor, etc.) are all the information needed to initiate a bed search.  
Once a bed has been assigned and before the patient is transferred from the ED, admitting should have the 
patient's name and the name of the admitting service attending physician.  Admitting office notification 
can be accomplished by directly calling, giving verbal notification to the ED clerk, or notification to the 
house manager. 
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Referring Physician Calls 
Receiving referring physician calls are almost always handled at the faculty level or by the ED.  In the 
event a referring physician call is routed to a surgical resident, it should be forwarded to the senior-most 
surgical resident available.   
 
Respond as soon as possible and obtain the following information:   

 Physician/referring hospital name 
 Patient name/age 
 Chief complaint (mechanism and time of injury for trauma) 
 Preliminary diagnosis 
 Vital signs including GCS and fluid volume or blood products administered 
 Mode of transport/ETE 

 
During the initial discussion with the referring physician, you should make appropriate recommendations 
and suggestions regarding patient care prior to transport in order to ensure optimal transfer (i.e. additional 
IV access, immobilization, splinting, mode of transport, etc.).  After accepting patients for transfer, assure 
the admission advisor on the call notifies the ED charge nurse and relays the following information: 

 Patient name/age/sex 
 Referring physician and hospital/ETE 
 Residents to be paged on arrival and pager number 
 Patient history/chief complaint 
 Specific diagnostics/interventions to be prepared 

 
Referring physicians should be treated in a polite and courteous manner.  Remember, they are asking for 
our help, as many referring facilities do not have the resources to care for these patients. 
 
ICU and Ward Calls 
Primary ICU calls are the responsibility of the surgical critical care resident (or senior night-float 
resident) or mid-level provider on call.  Primary floor calls are the responsibility of the intern on-call.  
Questions or problems from either location can be directed to the chief surgical resident on-call, with 
faculty involvement to discuss abnormal situations, sudden deteriorations, unexpected deaths, etc.  Lack 
of a timely response should prompt a phone call to a higher-level provider on service, including faculty.   
 
Patient Rounds 
Patient rounds begin at 0800 in the SICU Conference Room (except Wednesday, 0900 due to resident 
education conferences).  The chief surgical resident assumes primary responsibility for the timing and 
conduct of rounds.  The intensivist (surgical critical care) residents will be present to assure adequate 
transfer of information regarding all trauma or emergency general surgery patients being cared for in an 
ICU.  Discharge planning will be discussed as the nurse clinicians and social work staff is also present.   
 
Hospital Discharges 
Patient discharge from the hospital should be timely and efficient.  Cordial interaction with the nursing 
staff that provide discharge teaching and with the social workers that arrange extended care (i.e. nursing 
home, rehabilitation, home health, etc.) is critical.  The trauma nurse clinicians and service social worker 
will be responsible for coordinating discharge of the multiply injured patient.  When patients are 
identified for discharge, the nursing staff should be notified on the day prior to discharge.  Discharge 
orders and prescriptions should be completed the evening before or by 0800 on the day of discharge.   
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The following critical errors are often made in patient discharges: 
1. Patients are not scheduled for subspecialty appointments prior to discharge (i.e. Neurosurgery, 

Orthopedics, ENT, Plastics, etc.) 
2. Inadequate coordination for necessary supplies or medication*.  This is poor patient care, results 

in unnecessary patient calls, and is unfair to the patient and their family.  Please make sure that 
adequate medications and supplies to make it to the first clinic appointment are arranged. 

3. Appropriate labs and radiographic studies are not ordered for the first clinic visit. 
4. For patients being discharged home, the first clinic appointment should be scheduled 7-10 days 

following discharge unless otherwise specified.  Keep in mind not all patients require an ACS 
service clinic appointment.  As a general rule, patients discharged on Monday, Tuesday, or 
Wednesday should follow-up the following Thursday.  Those leaving on Thursday, Friday, or 
over the weekend follow-up a week from the following Monday. 

5. The attending physician of record for the discharge summary is the attending on service when the 
patient is discharged from the hospital.  This should be included in each dictated discharge 
summary. 
 

Residents should not prescribe narcotic pain medications after hours or on weekends.  
Patients are instructed to call the ACS clinical support staff at (573) 884-6098 during 

regular working hours for narcotic pain medications. 

 

Service Transfers 
Single-system injury patients can be transferred to an appropriate subspecialty service when they are 
stable, or after an unremarkable tertiary trauma examination.  Coordination of the transfer process is the 
primary responsibility of the chief surgical resident.  The ACS service may function as a consultative 
service after transfer of the patient when consultation is appropriate for good patient care. 
 
Clinic Responsibilities 
There are several clinics on our service; several half-day clinics service the trauma/EGS patients while 
others are primarily for burn and wound referrals.  Residents are expected to attend in accordance with 
resident duty hour restrictions.  An attending physician should staff all patients seen by a resident unless 
otherwise instructed.  Nurse practitioners and clinicians are also present to facilitate follow-up visits, 
minor procedures, and pre-op scheduling.  Clinic notes are dictated or entered directly in the EHR on the 
same day of service.  A template describing necessary components is included with each patient chart. 
 
Clinic or follow-up phone calls are often handled through our clinic coordinator or nurse clinicians.  
Residents may be contacted for prescriptions or medication renewals.  If the patient needs to be seen by a 
physician, the clinic coordinator will notify a faculty member or the chief resident and determine the best 
setting to see the patient.  Elective OR scheduling for clinic patients will be posted by the clinic 
coordinator.  Information should include: Name, MRN, attending surgeon, diagnosis, procedure, 
estimated time, and OP/IP status after surgery.  A dictated history and physical and informed consent 
should also be completed for cases occurring within 30 days of the clinic visit. 
 
Acute Care Surgery Service Personnel 

 Trauma Program Manager – Responsible for program administration, quality assurance activities, 
and system problem solving.  Also maintains and facilitates the trauma registry for the purpose of 
research and quality assurance, coordinates other education activities.   
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 Acute Care Surgery Nurse Practitioners and Clinicians – Provide daily care along with surgical 
house officers.  Generally, one member is assigned to the ward, ICU, and clinic.  They assist with 
family and nursing staff communication and are usually excellent resources for estimating patient 
care needs following discharge.   

 Social Work Services – Our service is privileged to have a dedicated social worker.  The primary 
role is to coordinate discharge planning, especially for patients requiring placement at a 
rehabilitation center or skilled nursing facility and those that require medical equipment or home 
health services.  The service social worker also plays a vital role in helping patients and their 
family members deal with sudden serious injury or major surgery, and provides referrals for 
services in the community that may be of assistance. 
 

Teaching Conferences 
In addition to the weekly M&M and resident teaching conferences, an ACS conference is held each 
Tuesday and Thursday at noon in the ICU conference room.  Common problems in trauma, emergency 
general surgery, and surgical critical care will be discussed.  During one Thursday session each month, a 
combined trauma clinical case conference is held with the Department of Emergency Medicine.  Friday 
noon conference is the responsibility of the critical care fellow, where multiple critical care topics are 
discussed. 
Residents and/or students may be asked to present recent interesting cases.  Everyone on the ACS service 
is expected to attend unless actively involved in patient care.  Residents and faculty are also invited to 
participate in a critical care core conference, held the 3rd and 4th Monday at 1200 by the pulmonary critical 
care service in the CS&E building, CE433. 
 
Legal Responsibility 
Many trauma patients become involved in civil or criminal cases.  Consequently, residents may receive a 
subpoena to testify in these cases.  Under most circumstances, the responsibility to testify in court belongs 
to the attending faculty member that supervised the case.  Please bring any subpoenas or other medical 
practice/legal issues to the immediate attention of the Division Chief or hospital Risk Management. 
 
Practice Management Guidelines 
There are a number of patient care guidelines that govern the treatment and care of trauma and emergency 
general surgery patients.  Surgical residents are expected to be familiar with these guidelines and adhere 
to them.  All of the guidelines are contained in this publication for your review.  Suggestions or questions 
should be directed to the ACS faculty. 
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2. Conduct of Rounds in the Surgical ICU 
Formal rounds with all members of the team fosters communication and allows for congruent, focused 
care as all aspects of patient care are addressed by all members of the team.  

 All team members should communicate pertinent events from the previous 24 hours. 
 Any issues that require immediate attention should interrupt rounds and be addressed. 

 

N
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• Relay any additional concerns regarding patient condition and/or plan of care 
• Communicate pertinent history or exam findings 
• Formulate care plan with multidisciplinary team members 
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• Assist in disposition planning and assure discharge needs are met 
• Assure daily communication with patients and families 

 

N
u
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• Assure patient caloric and protein needs and goals are met 
• Identify patients at risk for malnutrition and assist in correction planning 

 

P
h

a
rm
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• Identify medication interactions to aid in preventing adverse events 
• Ensure adequate, accurate and safe dosing of medications 
• Assist in medication selection, assuring appropriate pharmaceuticals are utilized 

 

R
T

 • Relay information regarding amount or consistency of secretions, MV settings, SBTs, metabolic carts, etc. 
• Prepare for procedures and transport, including extubation, bronchoscopy, OR, scans, etc. 
• Formulate care plan with multidisciplinary team members 
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 • Provide assistance to multidisciplinary team members to facilitate patient care, disposition, etc. 

• Participate in the Performance Improvement process 
• Coordinate scheduling of procedures in the SICU procedure room daily. 
• Assist daily communication with family members 

 

R
e
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n

ts
 • Begin by identifying patients in need of immediate attention, planned operative interventions  

   for the day, and highlight the day’s educational opportunities. 
• Communicate additional pertinent events from the previous 24 hours as needed 
• Relay pertinent positives from physical examination, lab values, and/or radiographs 
• Summarize patient condition and formulate an impression and plan 
• Formulate care plan with multidisciplinary team members 

 

F
e
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o

w
 • Complete and ensure completion of documentation 

• Supervise and lead the resident, medical student and ancillary staff in decision-making 
• Address issues that require immediate attention 
• Assure daily communication with families 

 

F
a
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u
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 • Supervise residents and students 
• Perform problem-focused physical examination as needed 
• Assist in decision-making and coordination of care plan with multidisciplinary team members 
• Coordinate care among participating services as needed 
• Assure daily communication with family members 

 
Rounds begin each day at 0800 in the TSICU Conference Room – SICU Nursing Huddle 0745 

(Wednesday 0900 due to M&M/Education Conferences) 
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3. Patient Transfer & Discharge Guidelines 
 
 Transfer summaries must be completed when patients are 

transferred from the SICU or to another service to ensure 
continuity of care. 
 

 Personally discuss with patients and families key 
components of discharge medications, procedures, follow 
up. Answer questions and outline the plan of action. 

 
 Work with ACS nurse clinicians and social workers 

regarding disposition items, such as home health, wound 
vac setups, facility planning. 

 
 
 
Follow up  

 Arrange subspecialty follow-up as necessary. 
 ACS follow-up for most patients.  

o Schedule with help of ACS nurse clinician. 
 
Instructions 

 Be precise and clear. 
 Write in plain, easy to understand English. 
 Include instructions for specific injury patterns and 

operative results (ie. drains, TLSO brace, etc). 
 
Medications 

 Pre-hospitalization medications may have been 
changed during the hospital stay. Ensure the 
discharge medications match the inpatient 
medications. If questions arise, ask. 

 Provide prescriptions for adequate analgesia. Refer to 
“Outpatient Analgesia Recommendations” for 
examples. 

 
Procedures 

 Be sure to remove all sutures, staples, drains and 
tubes that require removal. (Note: Some patients will 
discharge with these items left in place.) 

 Drain or device teaching is essential. Either ensure it 
was completed properly or do the teaching 
personally. 

 
 

Common Discharge 
Medications: 

Oxycodone 
5-10 mg PO Q4-6hr PRN Pain 
Dispense: See Outpatient Analgesia 
Recommendations 
 

Colace 
100 mg PO BID 
Dispense: 60, no refills 
 
 
 
Include the following in 
Discharge Summaries 
 Admission date 
 Discharge date 
 All discharge diagnoses 
 All major procedures/operations 
 Brief narrative of hospital course 
 Significant plans upon discharge 

(ie. Bracing instructions, weight-
bearing restrictions, home health 
orders) 

 Follow up appointments including 
service, attending, reason, date 
and any necessary diagnostics 
required 

 Discharge disposition 
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Section II: Trauma 
 
 
 
 

4. General Evaluation and Disposition of Injured Patients 
 
 
1. All injured patients will be assessed according to standard principles emphasized in the American 

College of Surgeons Advanced Trauma Life Support® course. 
 

2. Patients with minor injuries that do not require admission will be discharged from the ED with 
appropriate outpatient follow-up arranged.   

 
3. Trauma service consultation is not necessary for patients who, after ED evaluation, are found to have 

single-system injuries that can be appropriately managed on a surgical sub-specialty service.  Trauma 
nurse practitioners will review these admissions on a daily basis and perform a tertiary exam the day 
following admission.  A trauma registry data collection tool should also be completed to notify the 
trauma registry of the patient’s admission. 
 

4. Any patient with significant injury to two (or more) systems, serious mechanism concerning for 
injury, or abnormal physiology at any point should receive prompt trauma service consultation for 
evaluation and admission.  In some situations, this may necessitate upgrading the patient to an Alert 1 
or 2 trauma team activation. 

 
5. If after 24 hours the patient is deemed stable and can be appropriately cared for on a surgical sub-

specialty service, transfer may occur after discussion between chief residents or faculty members. 
 

6. Any pediatric trauma patient, defined as any patient less than fifteen (15) years of age, meeting 
trauma routing criteria should come to the trauma center at University Hospital for initial evaluation.  
Pediatric patients requiring admission may be admitted to the SICU, Women’s and Children’s 
Hospital, or transferred to a pediatric-verified trauma center at the discretion of the trauma surgeon or 
trauma medical director. 
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5. Trauma Team Activation Reference 
 
Alert 1 Activation Criteria 

 ANY intubated trauma patient (or a patient with an unsecure airway, including rescue adjuncts) 
 Respiratory rate <10 or >29 and/or clinical signs of significant respiratory insufficiency 
 HR >120 in adults, age-specific tachycardia in children, and/or clinical signs of shock 
 Documented SBP < 90 at any time in adults, age-specific hypotension in children, and/or clinical 

signs of shock 
 Active or uncontrolled hemorrhage 
 GCS ≤ 11 with mechanism attributed to trauma 
 Paralysis with mechanism attributed to trauma 
 Penetrating trauma to the neck, torso, groin, and extremity wounds proximal to the elbow/knee 
 Traumatic arrest (penetrating mechanism) ≤ 15 minutes pre-hospital CPR 
 Mangled, pulseless, or crushed extremity injury 
 Amputation proximal to elbow or knee 
 Patient receiving blood components to maintain adequate perfusion 
 Burns involving estimated TBSA > 35% or confirmed/suspected inhalational injury 
 Emergency medicine attending discretion (special circumstance, etc.) 

 

Alert 2 Activation Criteria 
 GCS 12-14 with mechanism attributed to trauma 
 Penetrating head trauma and/or all other penetrating extremity injuries 
 ≥ 2 extremity fractures 
 Any open long-bone fracture 
 Amputation distal to elbow or knee 
 Burns with associated trauma 
 Pregnant trauma patients ≥ 24 weeks 
 Traumatic arrest – blunt >5 or penetrating >15 minutes pre-hospital CPR 
 Burns involving estimated TBSA 15-35% 
 Emergency medicine attending discretion (special circumstance, etc.) 

 
Alert 3 Activation Criteria 

 Falls – Adults greater than 20 feet, children greater than 10 feet 
 High-risk auto crash – Significant intrusion, ejection, or death in same passenger compartment 
 Auto vs. pedestrian/bicyclist thrown, run over, or with significant (> 20 mph) impact 
 Motorcycle crash > 20 mph 
 Older adults – Age greater than 65 with SBP < 110 or following ground-level fall 
 Known or suspected head injury and anti-platelet, warfarin, or target-specific anticoagulant use 
 Trauma patient transfer from outside facility not already meeting Alert 1 or 2 criteria 
 Emergency medicine attending discretion (special circumstance, etc.) 
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6. Trauma Team Roles and Responsibilities 
 
A multidisciplinary team is required for the successful and efficient evaluation of the seriously injured 
patient.  A number of skilled providers must complement a calm and capable team leader for optimal 
patient outcomes as several diagnostic and treatment maneuvers are performed simultaneously.  The 
Advanced Trauma Life Support© course serves as our standardized guide for team preparation and initial 
patient management.  For those practicing at smaller facilities, the Rural Trauma Team Development 
Course© gives excellent instruction in the setting of limited human and material resources. 
 

 Team Leader – (Senior-most general surgery or EM resident) – Manages the primary and 
secondary survey, assures appropriate linkage between assessment and management. Clearly and 
effectively communicates the plan of care to all team members.  Ideally positioned at the foot of 
the bed, but may occasionally be needed to assist with procedures at the patient’s right or left. 

 
 Physician 1 – (General surgery or EM resident) – Responsible for airway management, including 

direction of rapid-sequence induction.  May assist or perform other invasive procedures once the 
airway is secure.  Assists with completion of documentation at the conclusion of the resuscitation.  
Positioned at the head of the bed at the beginning of the resuscitation.    

 
 Other Physicians – (General surgery or EM resident) – Perform primary and secondary survey 

and necessary procedures (tube thoracostomy, central venous access, etc.) and/or adjuncts 
including the extended FAST exam.  Reports findings to the team leader.  Assists with 
completion of documentation at the conclusion of the resuscitation. 

   
 Primary Nurse – Place ECG and pulse oximetry monitors, obtain manual BP measurement and 

blood samples for lab evaluation, assist physicians with procedures or wound care, prepare and 
administer IV fluids, blood components, analgesia and sedation medications, etc., prepare/initiate 
invasive monitoring as necessary, prepare and assist with transport.  The primary nurse is often at 
the patient’s right for the beginning of the resuscitation. 
 

 Secondary Nurse / Assistants – (RN, medical students) – Assist with all aspects of initial 
evaluation and management, as directed by the team leader.  In general, the secondary nurse may 
be at the head of the bed during the beginning of the resuscitation.  Assistants should refrain from 
positioning themselves at the bedside unless or until directed to do so by the team leader.  

 
 Respiratory Therapy – Assist with airway management, maintenance of adequate ventilation 

using BVM device or mechanical ventilation, maintenance of adequate oxygenation using various 
delivery methods, perform blood gas analysis, and perform oxygenation/ventilation during 
transport. 

 
 Trauma and EM Faculty – Assist with all aspects of initial patient evaluation and management.  

Determine the plan of care and ultimate disposition in concert with the trauma team leader.     
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Trauma Team Roles 
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7. ATLS® Evaluation and Management 
 
 The treatment of seriously injured patients requires rapid and organized assessment of injuries 
and initiation of life-preserving therapy.  Because time is of the essence, a systematic approach that can 
be easily reviewed and practiced is most effective.   
 

 
 
Remember the correct sequence is: preparation, triage, primary survey, resuscitation, adjuncts to the 
primary survey, secondary survey, adjuncts to the secondary survey, re-evaluation, and early definitive 
management. These principles are appropriate for every injured patient, regardless of severity.   
 
References 

Advanced Trauma Life Support (ATLS) Faculty Manual, 9th Edition Copyright © 2013 American College of Surgeons. 



 
 
 

22  |   Section II   |   Prehospital Criteria for Termination of Resuscitation    

 

 

8. Prehospital Criteria for Termination of Resuscitation 
 
 
Termination of resuscitation can be made on the basis of pre-hospital information.   
 
A patient should be pronounced DOA (dead on arrival) when any of the following are present: 
 

 Blunt Trauma with pre-hospital CPR > 5 minutes (patients ≥ 14 years old) and pulseless on 
arrival. 
 

 Penetrating head, neck, abdomen, or extremity trauma with pre-hospital CPR > 5 minutes 
(patients ≥ 14 years old) and pulseless on arrival. 

 
 Penetrating chest trauma with pre-hospital CPR > 15 minutes (patients ≥ 14 years old) and 

pulseless on arrival. 
 
Every effort should be made to determine elapsed time from pulselessness to ED arrival, as the duration 
of pre-hospital CPR can predict survival.   
 
For penetrating traumatic arrests with ≤ 15 min CPR, an Alert 1 trauma activation will occur. Survival 
rates may approach 15-20% when rapidly correctable conditions (tension pneumothorax, 
hemopericardium) are identified.   
 
All other traumatic arrests should be Alert 2 trauma activations, as mortality is at or near 100%.  The EM 
attending or trauma chief resident will evaluate the patient and determine the presence of an adequate 
airway, normothermia, and pulselessness.  If verified, the patient shall be pronounced DOA and no further 
resuscitation efforts should ensue.   
 
“Patient pronounced DOA” is included in the physician evaluation, along with any other injuries 
diagnosed by gross physical exam.   
 
If potential issues are identified (esophageal intubation, hypothermia, etc.) corrective actions should be 
initiated and the full trauma team summoned by upgrading to an Alert 1 activation.  This decision will 
occur at the discretion of the trauma chief resident or EM attending.  Patients not fitting into one of the 
specific DOA categories (i.e. blunt arrest immediately prior to arrival, penetrating arrest with ≤ 15 min 
CPR) shall undergo full resuscitation efforts.  Refer also to “Resuscitative Thoracotomy.” 
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9. Management of Traumatic Cardiac Arrest 
 
To put it simply, these patients cannot deteriorate further; an aggressive stance must be taken early.  
Because the etiology of traumatic arrest is fundamentally different from medical arrest, time performing 
CPR and administering medications is time wasted.  Address rapidly correctable causes immediately: loss 
of airway, inadequate ventilation, exsanguination, pericardial tamponade, or tension pneumothorax.  If the 
patient does not respond within 5-10 minutes, death is almost certain.   
 

 Do pre-hospital criteria for termination of resuscitation exist?   
o If so, pronounce the patient without further resuscitative efforts. 

 Does the patient have any cardiac activity on ultrasound?   
o If not, pronounce the patient without further resuscitative efforts. 

 Penetrating thoracic trauma 
o Confirm airway 
o Rapidly perform resuscitative thoracotomy 
o Simultaneous decompression of the right chest and central venous access.    

 Penetrating non-thoracic trauma 
o Confirm airway 
o Initiate aggressive volume resuscitation and hemorrhage control, use a tourniquet for 

exsanguinating extremity injuries, consider use of hemostatic dressings for junctional 
wounds, perform an E-FAST to search for potentially correctable causes 

o Consider resuscitative thoracotomy for temporary hemorrhage control, recognizing the 
patient has a high probability of death.   

 Blunt trauma 
o Confirm airway, initiate aggressive volume resuscitation 
o Decompress bilateral pleural spaces, and perform an E-FAST to search for potentially 

correctable causes.   
o Resuscitative thoracotomy should only be considered in special circumstances, as 

mortality is near 100%. 
 

 If the patient has a successful response to initial resuscitative efforts, proceed to the OR for 
definitive care and closure of the thoracotomy incision as the patient permits. 

 If attempts are unsuccessful, pronounce the patient and complete necessary documentation. 
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10. Trauma Radiology 
 
 
Radiographic imaging studies are the hallmark of timely, accurate diagnosis following multi-system 
injury.  In general, the selection of studies should involve a careful risk assessment of radiation exposure 
and completing an efficient patient evaluation.  Ask yourself – how will this study change our 
management, can the test be done correctly to answer the clinical question, and will it delay the patient’s 
on-going care or transfer?  While plain radiograph and CT are most commonly utilized, ultrasound and 
MRI also contribute to decision-making in the tertiary care center. 
 
 Penetrating trauma patients should undergo focused imaging to identify missile path and location, 

to assist in determining need for operation, additional imaging, etc. 
 Blunt trauma patients should undergo plain AP chest and pelvic radiograph after completion of the 

primary survey.  If hemodynamically normal, the pelvic plain film can be omitted. 
 FAST 

o Extended FAST exam should be performed on all injured patients when any concern for 
thoracic or abdominopelvic injury exists.  While a good screening study for urgent decision-
making, the E-FAST is not a definitive study, and may miss significant findings in the pelvis, 
and retroperitoneum. 

 Computed Tomography 
o CT is the study of choice following blunt or penetrating trauma in a hemodynamically stable 

patient with equivocal findings on physical exam, neurologic injury, impaired mental status, 
or multiple extra-abdominal injuries. 

o Routine CT following trauma should always include IV contrast. 
o Consider CT angiography of the head and neck whenever one or more classic or expanded 

risk factors for blunt cerebrovascular injury are present. 
o If concern for flank or retroperitoneal injury, consider “triple-contrast” CT (oral, IV, rectal) 
o In the stable penetrating trauma patient without a hard sign for operation, CT may be useful 

to show trajectory, missile path, etc. and reduce the occurrence of missed injury. 
o CT can be utilized following damage control surgery to reduce incidence of missed injury. 
o CT of the spine is the most rapid, accurate way to reach a definitive diagnosis. 

 If fracture is identified at one level, the entire spine should be imaged. 
o Consider delayed imaging of the kidneys and bladder if concern for GU injury, CT 

cystography  
 MRI 

o MRI should be used to evaluate the spine in special circumstances. 
 Imaging in pregnancy 

o Shielding and judicious use of imaging studies make an evaluation of the pregnant trauma 
patient safe, even during the first trimester.  
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Outside Hospital Imaging 
 
During referral hospital initial evaluation and triage of trauma patients, many patients undergo CT 
scanning prior to transfer. Repeating these studies, while occasionally necessary, adds cost and radiation 
exposure. To decrease risk, cost and time, outside hospital CT scans should be uploaded into the MU 
system in a timely manner. Formal radiographic interpretation should be requested from MU staff 
radiologists via a radiology consult order. 
 
Uploading Outside Films 

 Disks should be given to the radiology technicians or the ED unit clerk upon patient arrival to 
begin the process of uploading. 

 Many times this can be done in the trauma bay during the initial evaluation. 
 
Obtaining Radiology Consults 

 Enter into the EMR radiology consult order 
o Example: CT Body Consult External Images 

 Specify for which films an interpretation is requested 
 Avoid consultations for plain films, unless specifically necessary, as these will often be 

interpreted by surgical staff. 
 A reason for the consult must be entered 
 Presenting signs and symptoms must be entered 
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11. Incidental Findings 
 
Widespread use of spiral computed tomography (SCT) in the evaluation of the injured leads to the 
identification of unanticipated information, or incidental findings.  The reported incidence in commonly 
cited literature is between 34 and 45%.  Communication with our patients and their primary physician is 
key, as some patients will require additional testing to assure no other medical treatment is necessary.  

 Complete tertiary examination with systematic review of diagnostic studies 
 Communicate findings to the patient and acknowledge receipt  

o Educate patient on symptoms requiring care 
o Educate patient on importance of follow-up and timeframe 
o Counsel patient on consequences of non-compliance  

 Appropriate documentation includes incidental finding(s) and required actions (next page) 
o Category 1 – In-house evaluation prior to discharge  
o Category 2 – Follow-up with primary physician or specialist within indicated timeframe  
o Category 3 – No specific follow-up necessary, information only 

 Medical documents provided to patient for future follow-up (x-ray report, etc.) 
 Communication of findings to patient’s primary care physician and/or specialist 
 If the patient does not have a primary care physician, offer to arrange follow-up  
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Incidental Findings Guide 
 

o Category 1 – In-house evaluation prior to discharge  
o Category 2 – Follow-up with primary physician or specialist within indicated timeframe  
o Category 3 – No specific follow-up necessary, information only 

Category 1 Findings Category 2 Findings Category 3 Findings
Head Head/Neck Bony 

Cerebral aneurysm Chiari malformation Spondylolisthesis 

Cerebral Tumor Circle of Willis calcifications Degenerative spine changes 
Facial mass (orbit, parotid, sinus) Mastoiditis Diffuse osteopenia 
Foraminal stenosis Thyroid mass/nodule Abdomen/Pelvis

Chest Goiter Hepatic steatosis 
Atrial myxoma Calcified carotids Pancreatic head cyst 
Lung mass/tumor Cervical canal stenosis Hepatic hemangioma 

Mediastinal mass Tracheal malacia Renal cyst 
Aneurysm Chest Cholelithasis  
Vascular dissection Lung nodules Hernia 
Pulmonary embolism Breast nodule Hiatal Hernia 
Pericardial effusion Bullae Appendicolith 

Bony Emphysema Diverticulitis  
Lytic lesion Pleural effusion Pylenophritis 
Vertebral body destruction Cardiomegaly 

Sclerotic bone lesion Coronary artery calcifications 
Abdomen/Pelvis Pleural plaques 

Appendicitis Pleural scarring 
Hydronephrosis A-V malformation 
Renal calculi/obstructing Pulmonary artery dilitation 
Pancreatic mass (>1cm) Varices/Portal hypertension 

Liver mass (>1cm) Abdomen/Pelvis
Biliary mass Cholelithiasis- symptomatic  
Adnexal or Uterine mass CBD dilatation 
Renal mass/cyst Adnexal cyst 
Colon mass Hernia- symptomatic  
Small bowel mass Hiatal hernia- symptomatic 
Abdominal wall mass Hepatomegaly 
Aneurysm (AAA> 4cm) Splenomegaly 
Splenic abscess Pancreatitis 
SMV/portal thrombosis Uterine fibroid 
 Cirrhosis/hepatitis 
 Liver nodules 
 Lymphadenopathy 
 Renal calculi 
 Solitary kidney 
 Pyelnophritis- symptomatic  
 Complex renal cyst 
 Ascites 
 Undescended teste(s) 
 Ovarian mass (dermoid) 
 Varices 
 Prostate enlargement 
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12. AAST Grading of Organ Injury 
 

Spleen

1 
Hematoma Subcapsular hematoma, <10% surface area. 
Laceration Capsular tear, <1cm parenchymal depth 

2 
Hematoma Subcapsular, 10-50% surface area; Intraparenchymal <5cm diameter 

Laceration 
Capsular tear, 1-3cm parenchymal depth that does not involve a trabecular 
vessel 

3 
Hematoma 

Subcapsular >50% surface area or expanding; ruptured subcapsular or 
parenchymal hematoma; intraparenchymal hematoma ≥5cm or expanding 

Laceration >3cm parenchymal depth or involving trabecular vessels 

4 Laceration 
Laceration involving segmental or hilar vessels producing major 
devascularization (>25%) 

5 
Laceration Completely shattered spleen 
Vascular Hilar vascular injury with devascularized spleen 

 

Liver

1 
Hematoma Subcapsular hematoma, <10% surface area. 
Laceration Capsular tear, <1cm parenchymal depth 

2 
Hematoma Subcapsular, 10-50% surface area; Intraparenchymal <10cm diameter 
Laceration Capsular tear, 1-3cm parenchymal depth, <10cm depth 

3 
Hematoma 

Subcapsular >50% surface area of ruptured subcapsular or parenchymal 
hematoma; Intraparenchymal hematoma ≥10cm or expanding 

Laceration >3cm parenchymal depth 

4 Laceration 
Parenchymal disruption involving 25-75% of hepatic lobe or 1-3 Couinaud’s 
segments within a single lobe 

5 
Laceration 

Parenchymal disruption involving >75% of hepatic lobe or >3 Couinaud’s 
segments within a single lobe 

Vascular Juxtahepatic venous injuries; ie. retrohepatic vena cava 
6 Vascular Hepatic avulsion 

 

Pancreas
1 Hematoma Minor contusion without duct injury 
 Laceration Superficial laceration without duct injury 

2 Hematoma Major contusion without duct injury or tissue loss 
 Laceration Major laceration without duct injury or tissue loss 

3 Laceration Distal transection or parenchymal injury with duct injury 
4 Laceration Proximal transection or parenchymal injury involving ampulla 
5 Laceration Massive disruption of the pancreatic head 
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AAST Grading of Organ Injury Continued 
 

Duodenum

1 
Hematoma Involving single portion of duodenum 
Laceration Partial thickness, no perforation 

2 
Hematoma Involving more than one portion 
Laceration Disruption <50% circumference 

3 Laceration 
Disruption of 50-75% circumference of D2 
Disruption of 50-100% circumference of D1,3,4 

4 Laceration Disruption of >75% circumference of D2; Involving ampulla or distal CBD 

5 
Laceration Massive disruption of duodenopancreatic complex 
Vascular Devascularization of duodenum 

 

Kidney

1 
Contusion Microscopic or gross hematuria, urologic studies normal 
Hematoma Subcapsular, nonexpanding without parenchymal laceration 

2 
Hematoma Nonexpanding perirenal hematoma confined to retroperitoneum 
Laceration <1cm parenchymal depth of renal cortex without urinary extravasation 

3 Laceration 
>1cm parenchymal depth without collecting system rupture or urinary 
extravasation 

4 
Laceration 

Parenchymal laceration extending through renal cortex, medulla and collecting 
system 

Vascular Main renal artery or vein injury with contained hemorrhage 

5 
Laceration Completely shattered kidney 
Vascular Avulsion of renal hilum with devascularized kidney 
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13. Head & Neck Injury 
 

The Canadian Head CT Rule 
 
 
The Canadian CT Head Rule was developed to assist physicians in determining which minor trauma 
patients require brain imaging.  Original validation and subsequent studies found a sensitivity of 83-100% 
for all lesions and 100% for those requiring neurological surgery intervention.  Debate remains as a single 
retrospective study in the United Kingdom found the rule would have resulted in more CT studies 
performed, not less.  Regardless, we find the rule helpful for the evaluation of patients that often lack 
clinical evidence of significant injuries and are considered for discharge from the ED. 
  
In patients with a GCS of 13-15, witnessed loss of consciousness, or confusion, a CT should be 
performed if any one of the following criteria exist: 
 

 Major Criteria 
o GCS < 15 at least two hours after injury 
o Suspected or confirmed depressed skull fracture 
o Clinical signs of basilar skull fracture (Raccoon’s eyes, hemotympanum, CSF 

oto/rhinorrhea)  
o At least two episodes of emesis 
o Age ≥ 65 

 
 Minor Criteria 

o Retrograde amnesia to the event ≥ 30 minutes 
o High-risk mechanism (pedestrian struck, occupant ejection from motor vehicle, fall of 

more than 3 feet or 5 stairs)  
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Facial and Temporal Bone CT Imaging 
 
 
In general, attention to the facial bones is rarely going to make or break the successful resuscitation of a 
patient.  However, there are clinical findings and interventions that may be time-sensitive such as 
oculomotor nerve entrapment, retrobulbar hematoma, etc.  Patients with significant injury to their facial 
skeleton require imaging to assist in the perioperative planning of surgical repair, should it prove 
necessary.  The decision to obtain those studies on admission or during a subsequent trip to the CT 
scanner is based on the overall clinical condition and the management of more life- or limb-threatening 
injuries. 
 
 Indications 

 Obtain facial bone CT images when there is suspected or confirmed facial fractures on clinical 
exam or when facial bone fractures are identified during CT brain 

o 3 mm images with coronal and sagittal reconstructions 
 

 Dedicated imaging of the temporal bone in the setting of temporal bone fracture is not mandatory.  
It should be considered when hearing loss, EAC lacerations, or bony disruptions of the inner ear 
are associated with temporal bone fracture 

 
 If there are questions, consultation with ENT or Plastics/Reconstructive Surgery services is useful  
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Blunt Cerebrovascular Injury 
 
Blunt Cerebrovascular Injury (BCVI) consists of traumatic, non-penetrating trauma involving the carotid 
arteries and/or vertebral arteries via numerous traumatic mechanisms. A wide array of injury patterns can 
be seen ranging from intimal injury to complete transection of a vessel. Recent studies have suggested the 
incidence of BCVI to be .5 – 1% of all blunt trauma injuries, but reaching as high as 2.7% for injured 
patients with injury severity scores ≥16.  Injuries are classified using the Biffle classification, which 
ranges from I-V. Missed injuries can be of devastating consequence with morbidity and mortality rates 
being reported as high as 50% and 40% in literature. 
 
 

Indications for BCVI Screening with CT Angiography (Neck) 
Signs & Symptoms of BCVI 
 Arterial hemorrhage                          
 Expanding cervical hematoma 
 Focal neurological deficit 
 Cervical soft tissue injury   
 Cervical Bruit 
 Neurological examination incongruous with 

CT findings 
 Horner’s syndrome 

o ptosis, miosis, facial anhydrosis 
 Ischemic stroke on secondary CT scan 
 

High-Risk Injury Patterns for BCVI 
 Lefort II or II fractures, Mandible fracture 
 C1-C3 fractures 
 C-spine fracture with subluxation, rotation 
 Transverse foramen C-spine fracture 
 Carotid canal basilar skull fracture 
 Petrous bone fracture 
 Diffuse axonal injury with GCS≤6 
 Seatbelt sign 
 Altered mental status 
 Near hanging with anoxic brain injury 
 Scalp degloving 
 

Thoracic AIS≥3  or  Injury Severity Score ≥16 

 
Grade I Grade II Grade III Grade IV Grade V
Luminal 

irregularity or 
dissection <25%  

Dissection or 
intraluminal 

hematoma ≥ 25% 

Pseudoaneurysm Occlusion Transection 
with contrast 
extravasation 

Stroke Risk: 
3% 

Stroke Risk: 
11% 

Stroke Risk: 
33% 

Stroke Risk: 
44% 

Stroke Risk: 
100% 
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BCVI Treatment 
 
Patients who meet appropriate screening criteria will undergo a CTA of both the head and neck. 
 
Positive CTA 

 Obtain emergent neurointerventional consultation to determine if a formal diagnostic angiogram 
or catheter-based intervention is required. Neurology neurointerventionalist, vascular or 
neurosurgery services may be contacted dependent upon injuries identified. 

 If no formal angiographic intervention is required, begin Low Intensity Heparin Infusion. 
 
Equivocal CTA 

 Obtain emergent neurointerventional consultation, as formal angiography may be necessary. 
 If no formal angiographic intervention is required, begin Low Intensity Heparin infusion, per the 

Low Intensity Heparin Nomogram, if no contraindication is present. Prior to initiating heparin 
infusion, confirmation of initiation must be confirmed with appropriate services. 

 
Angiographic Intervention 

 There is no need to stop prophylactic heparin/enoxaparin or aspirin/Plavix prior to DSA. 
 Interventions include stenting, angioplasty, embolization. 

o Stenting: Load with Plavix 300mg, and ASA 81mg one week prior to the procedure. 
 Proceeding with catheter-based intervention is dependent neurointerventional decision. 

 
Discharge 

 Patients will discharge with ASA 81mg QDay for 6 months. 
 Patients undergoing stenting will discharge with ASA 81mg QDay and Plavix 75mg Qday for 6 

months. 
 
Follow Up 

 Repeat imaging will be obtained within 7-14 days. High grade injuries should undergo repeat 
angiography at close to 7 days. CTA may be utilized for those who cannot lie flat, have 
unfavorable anatomy, who have issues with ICP elevation, who are believed to have non-
traumatic atherosclerotic disease or those who develop ischemic infarction. 

 Neurovascular follow up should be arranged. 
 Patients will undergo repeat CTA in 3 months and follow up in Neurovascular Clinic. 
 Patients with stenting will undergo repeat CTA in 6 months. 
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Penetrating Neck Injury 
 
 
The neck is divided into zones:  Zone 1 – clavicles to cricoid cartilage, zone 2 – cricoid to angle of the 
mandible, and zone 3 – angle of the mandible to skull base.  Injuries in zone 2 were historically managed 
surgically as exposure to structures in this area was feasible while zones 1 and 3 required diagnostics 
prior to consideration of surgery.  Recently published studies have changed the management of 
penetrating neck trauma in two important ways.  First, evidence suggests that for patients with no clinical 
evidence of vascular injury, physical exam has a near 100% sensitivity, thus definitively excluding 
vascular injury without angiography.  This is most true if the injury is to zone 2.  The second major 
advance in the care of these patients has been the advent of helical CT angiography as an alternative to 
conventional catheter-based angiography, producing equivalent results.  Furthermore, the anatomic detail 
provided by the neck CT may permit the clinician to exclude injury to the esophagus if the CT clearly 
shows a missile trajectory remote from the esophagus.  However, the precise role that CT will play in 
excluding injury to the esophagus in these patients remains to be established. 
 

 Wounds that do not penetrate the platysma muscle can be closed and discharged from the ED 
 

 Patients with hemorrhagic shock, on-going bleeding, massive or expanding hematoma, or brisk 
hemoptysis should proceed directly to the OR for neck exploration 

 
 Other criteria likely to warrant surgical 

exploration, and thus requiring more 
study include 

o Vascular bruit 
o Incomplete neurologic deficit 
o Tracheal exposure 
o Air leak 
o Dysphonia 
o Dysphagia 
o Subcutaneous emphysema 

 
 CT angiography of the neck is the initial 

diagnostic study of choice 
 

 Additional diagnostic studies may include 
o EGD 
o Bronchoscopy 
o Rigid esophagoscopy 
o Gastrograffin or barium UGI 
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14. Spine Injury 
 
 
 Immobilization 

o Initial immobilization of the spine in multisystem trauma (when indicated) is a priority, 
“clearing” the spine is not. 

o Conscious patients without distracting injury or intoxication can be cleared with a normal 
clinical exam.  Patients that complain of pain, have tenderness, or have an unreliable exam 
should undergo immobilization and subsequent radiographic evaluation. 

o Guidelines for selective pre-hospital application of spinal motion restriction exist, and some 
patients may arrive with a cervical collar, but seated upright without a long-spine board.  This 
is consistent with contemporary literature. 

o Maintenance of rotational stability (ie. Logroll) is important to maintain. Many patients may 
have the head of the bed elevated to 30 degrees even in the presence of a fracture, as long as 
rotational precautions are continued. 

 Imaging 
o Plain films can be ordered for those with normal body habitus or minor mechanisms of 

injury.  This should include AP, lateral, open-mouth odontoid, and Swimmer’s view if 
needed. 

o CT scan of the cervical spine shall be obtained for:  
 Any abnormality on history (pain), exam (tenderness), or outside imaging 
 Inadequate plain film imaging 
 Any intubated patient 
 Multi-system trauma patients with significant mechanism of injury 

o CT scan of the thoracolumbar spine should be obtained for any patient with significant 
mechanism of injury, positive exam findings, or those already undergoing CT of the chest, 
abdomen, and/or pelvis for another indication. 

o Patients with normal imaging studies can have their spine “cleared” after a normal tertiary 
physical examination. 

o Fractures identified in one part of the spine mandate imaging of the remainder of the spine to 
assure no missed or additional injury. 

o Flexion and extension views may be useful in the awake, alert patient if concern for 
ligamentous injury exists. 

o Obtunded patients with a normal CT of the cervical spine may have their collars removed 
without additional imaging.  Any abnormality (disc height or herniation, malalignment, etc.) 
should prompt MRI to evaluate for ligamentous injury. 

o Spine service consultation shall be obtained for: 
 Fracture on plain film or CT, excluding transverse or spinous process fractures 
 MRI findings consistent with ligamentous injury 
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Acute Spinal Cord Injury 
 
Several guidelines exist regarding the acute management of patients with incomplete and complete spinal 
cord lesions.  While some controversy exists, each published guideline has numerous basic care 
recommendations in common. 
 
Resuscitation 

 Provide airway and ventilatory support in high tetraplegia early in the clinical course 
 Avoid and aggressively treat hypotension 
 Exclude other injury before assigning the cause of hypotension to neurogenic shock 
 Dopamine is the agent of choice to treat symptomatic bradycardia related to neurogenic shock 
 No clinical evidence exists to support the use of neuroprotective agents such as steroids 

Assessment 
 Perform a baseline neurological assessment 
 Image the entire spine in a patient with a SCI 
 Perform MRI of the known or suspected area(s) of spinal cord injury 
 Patients with a “stinger” (i.e. pain and/or electrical feelings radiating down one arm after impact) 

should be evaluated on an individual basis 
 Be aware of patients with extremes of age (SCIWORA, spondylosis, AS, DISH) 

Surgery 
 Emergent reduction in patients with bilateral facet dislocation in the setting of an incomplete SCI 
 Consider early surgical spinal canal decompression in a deteriorating SCI as a practice option that 

may improve neurologic recovery, although there is little compelling evidence that it will 
 Anticipate bradycardia and hypotension during intubation 
 Avoid the use of succinylcholine after the first 48 hours post-cord injury 

Secondary Prevention 
 Frequently assess for skin breakdown, using pressure-reduction maneuvers at all times 
 Reposition at least every 2 hours and provide meticulous skin care 
 Utilize mechanical and chemical DVT prophylaxis according to institutional guidelines 
 Complete tetraplegia or injury at C5 or rostral must be monitored for respiratory deterioration 
 Early tracheostomy is recommended for patients likely to remain ventilated 
 Perform manually-assisted coughing, aggressive pulmonary hygiene, clearing of secretions 
 Use indwelling catheters during the acute injury phase, and consider intermittent catheterization 
 Initiate and continue stress ulcer prophylaxis and a bowel program 
 Provide early enteral nutritional support as outlined in institutional guidelines 
 Maintain normoglycemia (goal 80-150) in critically ill SCI patients 

Rehabilitation 
 Involve physical medicine and rehabilitation specialists early in the clinical course 
 Educate patients and families about the rehabilitation process and encourage their active 

participation in discharge planning 
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15. Thoracic Trauma 
 
Thoracic trauma is a significant cause of mortality following injury, however most patients require only 
simple interventions.  These patients can usually be treated with basic measures such as intubation, 
mechanical ventilation, tube thoracostomy, and fluid resuscitation.  A much smaller number (10% of 
blunt injuries and 15-30% of penetrating injuries) require thoracotomy.  Because hypoxemia, hypercarbia, 
and shock can all result from thoracic injury, prompt diagnosis and treatment is key.  Life-threatening 
injuries are identified and treated in the primary survey, while several potentially life-threatening injuries 
can be identified during the secondary survey.  Several adjuncts exist to assist with the diagnosis of 
thoracic injury. 
 
 Life-Threatening Injuries 

o Tension pneumothorax 
o Open pneumothorax 
o Flail chest and severe pulmonary 

contusion 
o Massive hemothorax 
o Cardiac tamponade 

 
 Potentially Life-Threatening Injuries 

o Simple pneumothorax 
o Hemothorax 
o Pulmonary contusion 
o Tracheobronchial tree injury 
o Blunt cardiac injury 
o Traumatic aortic injury 
o Traumatic diaphragmatic injury 

 
 Adjuncts to the Primary and Secondary 

Survey 
o Plain chest radiograph 
o Enhanced FAST exam 
o Contrasted chest CT 

 
 Other Pearls 

o Subcutaneous emphysema may be 
associated with airway, lung, or chest 
wall injury 

o Crush injuries may present with petechiae and plethora of the head, neck and upper torso 
o Injuries to the upper ribs (1-3), scapula, and sternum are associated with significant energy 

transfer; associated head, spine, and cardiothoracic injury should be suspected 
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Rib Fracture Management 
 
 
≤ 2 Rib Fractures 

 Improve pulmonary mechanics 
o Heart hugger, cold compress, Incentive 

Spirometry, vibratory PEP (Aerobika), 
elevate head of bed, early ambulation 

 Non-narcotic pain management 
o Scheduled acetaminophen 
o Scheduled ketorolac, avoid renal impairment 
o Muscle relaxants (cyclobenzaprine) 
o Neuromodulators (gabapentin, pregabalin) 
o Topical anesthetics (lidocaine patch) 

 Narcotic pain management 
 Tramadol 
 Norco 5/325 (hydrocodone/acetaminophen) 
 Oxycodone 

≥ 3 or Tube Thoracostomy 
  Above methods, plus: 

 IV narcotic pain management 
 Fentanyl or hydromorphone 
 If patient requires 3 consecutive Q1 pushes, start PCA 

Flail Chest or Severely Displaced Fractures 
  Above methods, plus: 

 Consider early surgical intervention 
 Epidural pain control 

PO:

Acetaminophen 
500mg Q6 or 
1000mg Q4 

Ibuprofen 
60 mg Q6-8 

Tramadol 
50-100mg Q4-6 

Norco 5/325 
1-2 tabs Q4-6 

Oxycodone 
5-15mg Q3-6 

Gabapentin 
30 mg x1 Day 1, 30mg Q12 Day 2, 
300mg TID thereafter 

Flexeril 
5-10mg Q8-12 
 
IV: 

Fentanyl 
50-100mcg IV Q1 

Dilaudid 
0.5-1mg IV Q1 

Ketorolac 
15-30mg IV Q6 
 
Typical PCA Dosing: 

Fentanyl 
10mcg, Q6 min, Max 100 mcg/hr  

Dilaudid 
0.1 mg, Q6 min, Max 1mg/hr 
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Caution in the Elderly 
Monitor GCS and delirium when medications changed. 
Avoid anticholinergics, benzodiazepines and limit 
narcotics to achieve a pain control with few side effects. 

Admission Destination 
Consider ICU admission or transfer with questionable or 
worsening pulmonary status. Be mindful of other injuries 
and their possible effects on pulmonary hygiene. 
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Blunt Cardiac Injury 
 
Blunt cardiac injury (BCI), formally known as cardiac contusion, encompasses a spectrum of disease 
ranging from histologic injury to the myocardium to blunt cardiac rupture.  An exact incidence of blunt 
cardiac injury does not exist because there is no gold standard for diagnosis.  While this makes evaluation 
of the literature difficult, priorities in evaluation and management remain the same: identify patients at 
risk for adverse events related to abnormal cardiac function and provide appropriate supportive care.  BCI 
usually occurs from any of several basic mechanisms of injury: direct precordial impact, crush between 
sternum and spine, deceleration or torsion of the heart, or hydraulic effects resulting in rupture (often of 
the atrial appendage).   
 
Diagnostic tests may include a 12-lead ECG, echocardiography, and enzyme analysis.  Controversy exists 
regarding the application and accuracy of these tests, especially enzyme analysis.  A balance between the 
cost-effectiveness of screening and information acquisition is necessary.   

 
 The initial diagnostic study is a good quality, 12-lead ECG 
 Any ECG abnormality, including otherwise unexplained sinus tachycardia, should raise concern 

for the diagnosis of BCI 
 Echocardiography is not effective as a screening tool, but should be used in any patient with 

probable BCI and hemodynamic instability 
 There is no role for CK or CK-MB analysis 
 Troponin levels may be helpful 

o Normal ECG and normal troponin is 100% sensitive in excluding BCI 
o With a markedly abnormal ECG, troponin is of little benefit (diagnosis already made) 
o Improving troponin levels 6 hours after injury, in patients with sinus tachycardia or non-

specific ECG change, may give reassurance that likelihood of BCI-related complications 
is low 

 Patients with a high suspicion of the diagnosis should be admitted and monitored for at least 24 
hours 

 Those with hemodynamic compromise may require vasoactive medications, invasive monitoring, 
and/or other assist devices and will be admitted to the intensive care unit until clinically improved 
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Suspected Injury to Thoracic Aorta or Arch Vessels 
 
 
Patients who sustain blunt thoracic trauma are at risk for injury to the heart and great vessels. Patients 
should be selected for additional diagnostic studies based on mechanism of injury and evidence of 
mediastinal hematoma on chest radiograph. Every attempt is made to obtain an “upright” AP chest 
radiograph to minimize distortion and magnification. However, this is not possible in all patients.  
 
 Clinical signs of aortic or arch vessel injury include: 

o Upper extremity pulse deficits 
o Unequal blood pressure 
o Unexplained hemodynamic instability 
o Unexplained neurologic deficit 

 
 Normal CXR without compelling physical findings suggestive of aortic or arch vessel injury requires 

no further workup. 
 

 Widening of the mediastinum alone is neither sensitive nor specific for mediastinal hematoma. 
  
 CXR findings suggesting need for chest CT in hemodynamically stable patients include: 

o Widened mediastinum (>8cm on supine film, or >6cm on upright film) 
o Blunting of the aortic knob 
o Obscured AP window 
o Widened left paraspinal stripe 
o Deviation of NG tube or trachea to the right 
o Depression of the left mainstem bronchus 
o Left apical cap 
o Large left hemothorax 

 
 When CT is indeterminate, angiography or TEE should be performed. 

 
 Consider Vascular or Cardiac surgery consultation when positive CT, angiography or TEE findings 

exist. 
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Management of Thoracic Aortic Injury 
 
 
1. Accurately catalogue associated injuries, realizing that 

operative management of the aortic injury is often NOT a 
priority 

2. Obtain adequate vascular access, including invasive 
arterial pressure monitoring 

3. Limit crystalloid and utilize blood products early as 
indicated 

4. Limit sheer stress at the injury site by reducing changes in 
pressure over change in time (ΔP/ΔT) using 
pharmacologic adjuncts 

5. Multi-disciplinary consultation with cardiothoracic and 
vascular surgery to evaluate the case and formulate a plan 
of care 

a. Location and extent of injury 
b. Size of access vessels 
c. Associated injuries 
d. Risk/benefit of open vs. endovascular repair 

6. Recognize patients with severe TBI, spine or spinal cord 
injury, inability to tolerate single-lung ventilation, or other 
severe multi-system injury may require delayed 
intervention 

7. While device and procedure-related complications of 
TEVAR are decreasing, long-term outcome data is still 
sparse, thus our multi-disciplinary approach to treatment 
of these injuries 

 

Esmolol 
10 mg/mL concentration 
Load 500 mcg/kg over 1 minute, then 
50-200 mcg/kg/min for goal HR < 
100 and SBP < 120  
Duration of therapy depends on 
timing and method of repair 
 

 
 
 
 

 

 

 

 

 

 

 

References 

Blunt aortic injury, evaluation and management. EAST Practice Management Guidelines. J Trauma 2015;78(1):136-146. 

DuBose JJ, et al. Contemporary management and outcomes of blunt thoracic aortic injury: a multicenter retrospective study. J Trauma Acute 
Care Surg. 2015 Feb;78(2):360-9. 

Xenos ES, et al. Meta-analysis of endovascular vs open repair for traumatic descending thoracic aortic rupture.  J Vasc Surg 2008;48(5):1343-51. 



 
 
 

42  |   Section II   |   Thoracic Trauma    

 

 

Penetrating Mediastinal Injury 
 
 
1. Rapidly complete the primary survey. 

 
2. Patients with agonal vital signs should 

undergo immediate resuscitative 
thoracotomy. 

 
3. Hemodynamically unstable patients 

should undergo urgent bilateral tube 
thoracostomy placement, followed 
quickly by plain chest radiograph and 
enhanced FAST. 

 
4. Plain chest radiograph and enhanced 

FAST supplement the primary survey 
in the hemodynamically normal 
patient. 

 
5. Patients with massive hemothorax, 

evidence of pericardial tamponade, or 
those with an equivocal FAST and 
hemodynamic instability should 
proceed directly to the operating 
room. 

 
6. A subxiphoid window to determine presence or absence of blood within the pericardium may be 

performed. 
 
7. In hemodynamically normal patients with a negative enhanced FAST, contrast CT of the chest should 

be performed. 
 
8. Bronchoscopy, esophagoscopy, or upper GI fluoroscopy studies may enhance diagnostic accuracy in 

hemodynamically normal patients with a high degree of suspicion of injury to the tracheobronchial 
tree or esophagus.  
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16. Abdominal Trauma 
 
 
The assessment of circulation during the primary survey includes early evaluation of the possibility of 
occult hemorrhage.  The peritoneal cavity, retroperitoneal cavity, and pelvis must all be included, as 
unrecognized injury in these areas continues to be a cause of preventable death following truncal trauma. 
 
 Early consultation with a surgeon is necessary whenever a patient with possible intra-abdominal 

injury is suspected. 
 Enhanced FAST (or diagnostic peritoneal lavage) should be performed as an adjunct to the primary 

survey in order to quickly evaluate the peritoneal cavity and pelvis. 
 Penetrating wounds in proximity to, or obviously involving the abdomen with hypotension, 

peritonitis, or evisceration require emergent exploration. 
 Blunt abdominal trauma patients with peritonitis and/or a positive FAST with hypotension should 

proceed directly to the OR for urgent exploration. 
 Male adult trauma patients with free fluid and no evidence of solid organ injury, should often undergo 

operative exploration. 
 Hemodynamically normal patients without peritonitis should be evaluated using contrast CT. 
 The decision to operate is then based on specific organ(s) involved and magnitude of injury. 
 If there is debate regarding peritoneal penetration, local wound exploration may be performed. This 

involves the instillation of local anesthesia, enlarging the wound to achieve visualization of the entire 
wound tract, and evaluating for penetration of the underlying fascia or peritoneum.  

o Asymptomatic patients with anterior abdominal stab wounds that are shown on local 
wound exploration to penetrate the fascia or peritoneum are evaluated by serial physical 
exam or diagnostic laparoscopy. 

 Asymptomatic patients with back or flank wounds should be evaluated by serial physical exam or 
contrast-enhanced CT, often utilizing oral, intravenous, and rectal contrast (triple contrast). 

 In patients with suspicion of genitourinary injuries, obtain delayed images to evaluate for contrast 
excretion / extravasation at the renal collecting system. Ensure urinary catheter is in place. 

 Exploratory laparotomy is always an acceptable option if exam or imaging studies are felt to be 
unreliable. 

 Thoracoabdominal wounds, those between the nipple line and costal margin, are often best evaluated 
using diagnostic laparoscopy when hemodynamic stability allows. 
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Penetrating Thoracoabdominal Trauma 
 

Penetrating thoracoabdominal trauma has the potential to injure multiple organs in both cavities. 
Pulmonary, cardiac, diaphragmatic, hepatic, gastric, splenic, pancreatic, duodenal, biliary, intestinal, 
aortic and caval injuries are all possible. When evaluating patient with penetrating injuries to the 
thoracoabdomen, missile or knife wound trajectory should be considered with specific focus to possible 
injuries occurring within that path. 
 
 
Indications for immediate operation 

 Initial tube thoracostomy output >1500, or less if instability present 
 Traumatic evisceration 
 Hemodynamic instability 
 Peritonitis 
 Free intraabdominal air on CXR 

 
FAST 

 FAST ultrasonic evaluation should be performed in all patients lacking the above operative 
criteria. 

 Surgeon sensitivity and specificity to identify cardiac injury is near 100% 
 Subcutaneous air and body habitus can sometimes yield false-negative or equivocal results 
 Positive abdominal fluid is indication for operative intervention 

 
Hemodynamically stable patients lacking need for immediate operation 

 Laparoscopy should be considered to evaluate and treat injuries 
 Laparoscopy has up to a 20% rate of missed injury, however 
 Thoracoscopy may be considered in a small number of patients 
 Rarely, non-operative management may safely be performed 
 Laparotomy or thoracotomy should be performed when any doubt exists 

 
Operative Pearls 

 When two cavities are involved, there is a 50/50 chance of making the wrong initial incision 
 Be cognizant of chest tube output during the case to avoid missing major hemorrhage 
 Rapid evaluation for cardiac injury can be done via a subxiphoid pericardial window 
 Follow the missile tract 
 Diaphragm injury is present in 1/3 
 Hollow viscus injury is present in 1/3 
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Penetrating Abdominal Trauma 
 

 
Indications for immediate operation 

 Traumatic evisceration 
 Hemodynamic instability 
 Peritonitis 
 Free intraabdominal air on CXR 

 
Adjuncts to identify specific injuries 

 CXR should always be performed to identify 
occult thoracic injury and intraperitoneal free air 

 Pelvic and/or abdominal plain films may aid in 
missile localization 

 Consider local wound exploration if peritoneal 
penetration is not obvious in hemodynamically 
stable patients 

 Bloody NG tube output suggests gastric injury 
 Rectal exam should be performed to identify 

blood and to evaluate sphincter tone prior to the 
patient undergoing neuromuscular blockade in 
the operating room 

 FAST ultrasonic evaluation should be 
performed in all patients lacking the above 
operative criteria 

 CT may be performed in the absence of clinical 
indicators for operative intervention 

o Obtain renal delays if hematuria present 
o Rectal contrast should be employed if a flank or 

lower back wound is present 
o CT cystography is a consideration if ureteral injury is possible 

 Laparoscopy has a clear role with abdominal stab wounds, but is lacking in benefit for gunshot 
wounds to the abdomen secondary to the high missed injury rate 

 Laparotomy or thoracotomy should be performed when any doubt exists 
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Blunt Abdominal Trauma & Shock 
 
 
Blunt abdominal trauma is a leading cause of death among all age groups. The decision tree in caring for 
patients enduring acute abdominal injury begins with quickly, and accurately determining the need for 
operative intervention. Delaying surgical hemorrhage control with unindicated diagnostic studies and 
large-volume crystalloid infusions leads to worsened outcomes, longer lengths of stay and higher 
mortality rates. Trauma-related hypotension, tachycardia, and shock does not respond well to radiation or 
salt-water – but it does to surgical hemorrhage control. 
 
Diagnostic adjuncts 
 Physical exam will stratify the patient into appropriate categories in many cases.  
 ATLS® methods should be followed to aid in diagnosis and management. 
 Useful adjuncts in the emergency department include: 

o Chest radiograph 
o Pelvis radiograph 
o FAST 

 
Laboratory Adjuncts 
 Rarely, a laboratory test will change the management of a critically-ill multiply-injured trauma patient 

in the emergency department, and generally are of limited value in immediate management. 
o Hemoglobin levels don’t drive transfusion or resuscitation practices. 
o Coagulation studies rarely affect the resuscitation of the most critically-injured, as there is 

evidence clearly showing benefit to fixed-ratio transfusion strategies, with an emphasis on 
early plasma and platelets.  

 For those who do not necessitate immediate operation, laboratory studies offer useful information.  
 Common laboratory tests 

o CBC, BMP, iCa, iMg, Phos, PT/INR, PTT, TEG, Type & Cross 
 
Immediate operative intervention 
 Peritonitis 
 Hemodynamic instability 
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Blunt Abdominal Trauma & the Declining Patient 
 
Often the patient in hemorrhagic shock has the expected clinical signs (hypotension, tachycardia, 
evidence of hypoperfusion). However, the same patient exhibited early warning signs of shock prior to 
developing hypoperfusion and the resultant state associated with it. The ability to identify the patient at 
risk for hemodynamic collapse requires a more discerning eye and attention to detail to prevent the 
sequelae of shock. 
 
Narrowed pulse pressure 
 Normal pulse pressure is at least 25% of the systolic pressure, or approximately 40 mmHg.  
 A narrowed pulse pressure signifies decreased left ventricular stroke volume, and in trauma is a sign 

of blood loss. A patient may still exhibit a ‘normal’ blood pressure secondary to catecholamine 
release in response to blood loss. Often these patients are tachycardic. However, beta blockers and 
other pre-injury states (including athleticism) may result in a normal heart rate. 

 
Ultrasound cardiovascular evaluation 
 A hemorrhaging patient may exhibit normal heart rate and normal blood pressure, but have ultrasound 

evidence of hypovolemia. The retrohepatic vena cava is often easily visualized at the time of the 
FAST examination. Respiratory variation of IVC diameter >25% is associated with hypovolemia. 
Additionally, the heart is often hyperdynamic with an increased ejection fraction secondary to 
hypovolemia. Formal echocardiography is not necessary, and can be easily accomplished in the 
trauma bay. 

 
Mental status 
 Fear, anxiety and a feeling of impending doom are often exhibited by those in hemorrhagic shock, 

and can be clues to ongoing hemorrhage. Quiet, somnolent or depressed mental states should imbibe a 
sense of urgency in the caregiver, as this is an ominous sign of hemorrhage that is often mistaken for 
brain injury or intoxication. 

 
Cool extremities 
 Basic as it may be, peripheral vasoconstriction is an early response to hypovolemia, and may be 

present prior to the development of tachycardia or hypotension. 
 
Objective measurements 
 Objective measurements are easily obtained, and in the initially stable patient, may provide additional 

evidence of impending shock – thus allowing for early surgical intervention. The following table 
shows specificity of objective measurements to identify traumatic shock. 

 
 Temp 

<35.5°C 
INR 
>1.5 

FAST 
Positive

SBP 
<90 

HR 
>120 

Hgb 
<11 

BD 
≥6 

Specificity 89% 86% 76% 75% 71% 69% 50% 
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17. Genitourinary Trauma 
 
 
Significant genitourinary trauma can occur in up to 10% of seriously injured patients, but is most seen in 
those with serious energy transfer, complex pelvic fracture, etc.  A high index of suspicion and careful 
physical examination is paramount to detect signs concerning for GU injury. 
 
Gross Hematuria 

 Evaluation for gross hematuria should commence prior to CT scan 
o If gross hematuria is identified, a CT scan with IV contrast is obtained. 
o Renal delayed images and a CT cystogram during the same study are also required to 

fully evaluate the GU system. 
o Microscopic hematuria is neither sensitive nor specific and has no role in GU injury 

Urethral Injury 
 Urethral or ureter injuries are managed depending on extent and location, often with the 

assistance of urologic surgery. 
 Retrograde Urethrogram (RUG) 

 Indications 
o Blood at the urethral meatus 
o High-riding prostate on rectal exam 
o High-risk pelvic fracture 
o Open book 

Vertical shear 
o Superior rami fractures 
o Significant hematoma near the bladder neck as identified on CT scan 

 Confirmed injury 
o Consultation with a urologic surgeon is necessary. 

 No injury 
o A Foley catheter may be inserted if the RUG demonstrates contrast passage into the 

bladder without injury. If a Foley catheteri is already in place, a peri-catheter RUG 
should be performed. 

Bladder Injury 
 Bladder injury is often associated with pelvic fracture, and is diagnosed by cystography. 

o Extraperitoneal injuries can usually be managed with Foley catheter drainage alone. 
o Intraperitoneal injury requires operative repair 

Renal Injury 
 Renal injuries occur in 3% of all injured, up to 10% of significant abdominal trauma 
 Renal injuries are graded according to the AAST solid organ injury grading scale 
 Renal angiography and/or vascular surgery consultation may be necessary in cases of unilateral 

renal ischemia or suspected vascular injury. 
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18. Extremity Vascular Injury 
 
 
The presence of a vascular injury can often be diagnosed by physical exam.  These “hard signs” 
necessitate emergent exploration.  Other signs, such as diminished pulses, indicate the need for imaging 
studies to confirm and locate an injury. A vascular surgeon may be required for complex injuries or those 
distal to the elbow or knee. 
 
Evaluation 
 Evaluate for “hard signs” of injury: expanding or pulsatile 

hematoma, pulselessness, pallor, paresthesia, pain out of 
proportion to exam, paralysis, poikilothermia. 

 Presence of a thrill or bruit, loss of distal palpable pulse, or 
abnormal Doppler signals may also indicate an injury 

 Ankle-brachial index (ABI) should be performed and 
documented if any concern for vascular injury to a lower 
extremity  

 As an alternative, an arterial-pressure index (API) can be 
performed by comparing the systolic pressure in the injured 
extremity to the uninjured extremity.  API < 0.9 carries a 
sensitivity of 95% and specificity of 97% for major arterial 
injury. 

 CT angiography and/or formal angiography can be used if 
the physical exam is concerning; hemodynamic stability, 
need for CT to evaluate other injury, or need for operation 
for associated injury may determine which imaging 
modality is best in a particular situation. 

 
Management 
 If a fracture is present, reduce the fracture to anatomic 

alignment and reassess pulse exam 
 In the case of active hemorrhage, direct pressure or 

hemostatic agents should be employed 
 In cases of uncontrollable arterial hemorrhage, tourniquets 

should be utilized (ideally in the pre-hospital setting and 
absolutely before the onset of shock). 
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19. Evaluation and Management of Thermal Injury 
 
A thermally injured patient is still a “trauma” patient, and should be evaluated as such.  A brief but 
thorough examination will be performed to assure there are no associated injuries, especially in instances 
of blast, confined space or structural collapse, etc. where blunt and/or penetrating injuries are possible.  
Following evaluation for immediate life threats, and as part of the ATLS secondary survey, a detailed 
examination of the skin should document the initial impression and extent of the thermal injury.  Care can 
then proceed according to the following general guideline.   
 
 Outpatient care for partial thickness burns 

o Providers outside our institution should be instructed to stabilize, resuscitate, and cover burns 
with clean, dry linen or burn sheets and keep patient warm and dry.  

o Clean, debride devitalized tissue 
o Dress with bacitracin, Xeroform™, and Kerlix, burn roll, or other gauze product followed by 

compression (surginet, ace wraps, etc.) and consider clinic follow-up in the coming days, 
dependent upon severity of injury.   

o No systemic antibiotics are necessary. 
o Assure adequate medications for pain control are recommended, usually a multi-modal 

approach of acetaminophen, NSAID’s and narcotics for breakthrough pain. 
 

 For larger burns arriving in the ED (or as a direct admit) perform standard ATLS evaluation to 
assure no missed or additional injury. 

o Determine and document burn size and depth (“Rule of 9’s” and/or Sage Diagram). 
Alternatively, use the patient’s palm to estimate 1% TBSA burn size. 

o Keep room and patient warm  
 Set room temp to 95 degrees F to prevent hypothermia, hypermetabolism. 

o Ensure the patient is appropriately protected against tetanus. 
o Regardless of the location of debridement, burn wounds should be debrided with Hibiclens 

mixed in water under semi-sterile conditions. Debride all blisters > 2cm or areas of smaller 
but near confluent blisters to better evaluate wound bed and release blister fluid (which 
contains inflammatory cytokines). Debridement may be done sharply with scissors, roughly 
with dry gauze, or a combination. 
 

 Partial-thickness or indeterminate burns < 15% TBSA  
o Dress with thawed xenograft (located in OR tissue storage cabinet), DuoDERM® ® 

hydrocolloid dressing, bacitracin antibiotic ointment with Xeroform™ petroleum gauze, or 
Mepilex® Ag, although patients requiring sedation for wound care due to excess pain or 
age/compliance should preferentially receive Mepilex® Ag or xenograft. 

o Pre-meshed xenograft is applied dermal-side down (side facing out when unrolled) after 
thawing. It may be affixed in place with Dermabond or Steri-strips, and covered with a non-
adherent layer (Adaptic®, N-terface®, or similar), Acticoat silver dressing, and secured with 
either Kerlix™ or burn-roll gauze, and compression with Ace wrap or Surginet.   

o Mepilex® Ag place tacky-side down and dress similarly, omitting non-adherent dressings 
and Acticoat.  Follow-up in approximately one week.  DuoDERM® is applied sticky side 
down, covered with Kerlix™ and compression, but will require the patient to change 
dressings every 2-3 days.  Bacitracin and Xeroform™ dressing changes need to be performed 
daily. 
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 Larger partial thickness or indeterminate burns may require a combination of dressing methods, 
with reassessment to determine healing or progression to a more full-thickness injury.  These patients 
often require admission for analgesia, volume resuscitation, etc. 
 

 Deep partial- and full-thickness burns > 20% TBSA should plan on early excision, with a goal of 
full-thickness excision and appropriate coverage < 72 hrs. from admission.  In some cases, 
application of wound products such as Primatrix, Integra, or negative-pressure wound dressings may 
be necessary to prepare the site to accept a skin graft. 

 
 Full-thickness burns almost uniformly require excision and skin grafting for adequate healing. Many 

deep partial-thickness burns also benefit from excision, particularly if their healing trajectory is 
expected to last longer than 21 days.  Many of the metabolic sequelae of thermal injuries occur due to 
the presence and burden of abundant damaged tissue.  Removing the nidus of inflammation quickly 
may ameliorate some of the 
adverse effects of a thermal 
injury.  
 

 Full-thickness circumferential 
burns are prone to develop 
“compartment syndrome” 
physiology in the underlying 
tissues, particularly when large 
(> 20% TBSA) size, significant 
IV fluid requirements, inhalation 
injury, and patients with 
concomitant crush or high-
voltage (>1000V) electrical 
injuries. 

 
 Escharotomy should be 

considered as an early adjunctive 
therapy in patients as described 
above. Discuss with senior 
resident, fellow or faculty. 

 
 Remember no guideline can 

supersede good clinical 
judgment: If there is a question 
as to the appropriate treatment 
modality, involve the trauma 
faculty member early.  
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Acute Burn Resuscitation >20% TBSA 
 
 
Initial 24 Hours 
 Resuscitation clock starts at the time of injury. Fluid requirements for the first 8 hours should be 

infused by hour 8 even is patient care is delayed. 
 Initial fluid resuscitation amounts are estimates based on burn percentage and body weight. 

Commonly, changes to resuscitation occur that are not consistent with initial values. Formula-based 
resuscitation is not a blind endeavor, and contemporary methods, such as arterial waveform analysis, 
base deficit, and lactate should be utilized to aid acute burn resuscitation. 

 Estimated 24-hour fluid requirement for burn > 20%: 4mL/kg x weight (kg) x % TBSA 
o ½ total calculated in the first 8 hours; remaining ½ hours 9-24 using warm LR 

 Avoid IVF boluses 
 Goal UOP ½ cc/kg estimated dry weight/hour 
 If UOP > ½ cc/kg/hr for 2 consecutive hours, decrease LR rate by 20% 
 If UOP < ½ cc/kg/hr for 1 hour, increase LR rate by 20% 

o If treating myoglobinuria, use 1cc/kg/hr as UOP target 
 Keep patient warm 
 
Oliguria with Normotension 
 After 8 hours, if projected 24-hour LR resuscitation exceeds 6 ml/kg/% TBSA, initiate 5% albumin 

infusion early.  Requirement = [*ml/kg x % TBSA x weight], divided over 24 hours.  

% TBSA 20-49% 50-69% 70+% 
5% Albumin ml/kg 0.3 0.4 0.5 

 Check bladder pressure & examine for extremity compartment syndrome every 4 hrs.  Consider 
measuring extremity compartment pressures (CP) if clinically suspicious.  IAP > 25 mmHg with 
clinical indications of abdominal compartment syndrome requires immediate decompressive 
laparotomy or drainage.  MAP – Compartment Pressure < 30 mmHg requires fasciotomy. 

 Monitor CVP: goal 8-10.  If not at goal, continue ↑ IVF infusion by 25%.  Initiate 5% albumin 
infusion if unable to reach CVP goal with < 6 ml/kg/%TBSA projected in the first 24 hours. 

 Check or continuously monitor central venous oxygen saturation(ScVO2 goal 60-65%).  If not at goal, 
evaluate means to increase oxygen delivery (transfusion or modify LV function). 

 If CVP at goal but UOP < 30 mL/hr, start vasopressin 0.04 units/min. 
 If CVP and ScVO2 at goal, then stop increasing fluids, even if UOP is < 30 mL/hr, accept 

development of acute kidney injury. 
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Hypotension 
 Monitor CVP: goal 8-10. If not at goal, ↑ IVF infusion by 25%. 
 Begin vasopressin infusion at 0.04 units/min.  DO NOT TITRATE. 
 Check or continuously monitor ScVO2.  If not at goal, evaluate means to increase oxygen delivery 

(transfusion or modify LV function). 
 If hypotension/oliguria persist and CVP at goal, start/titrate Levophed 2-20 mcg/min 
 If high dose or second pressor needed, place PA catheter (PCWP goal 10-12: if not @ goal ↑ IVF 

25%; SvO2 goal 65-70%) 
 If hypotension persists, consider: missed injury/hemorrhage, acidosis (target PaCO2 30-35,  if pH still 

< 7.20, consider bicarbonate), hypocalcemia, goal iCa > 1.1, adrenal insufficiency, manifest by 
catecholamine-resistant shock (check random serum cortisol, if less than 20 give IV hydrocortisone). 
 

Myoglobinemia/Myoglobinemia/Rhabdomyolysis 
 CK levels <5000 require no additional treatment. 
 Initial management includes volume administration with isotonic saline.  
 Only in severe cases, should one consider changing maintenance fluid to D5W with 3-3½ amps 

NaHCO3 (resulting Na 132-154 mEq/L) to alkalinize urine. No Level I data exists in support of this 
practice. Goal urine pH should be 6.5. If this is not reached within 4 hours, arterial pH exceeds 7.5 or 
the serum bicarbonate level increases beyond 30 mEq/L, it should be discontinued.  

 Loop diuretics and mannitol for rhabdomyolysis should not be used, as both worsen hypovolemic 
states and fluid shifts. 

 
Second 24 Hours 
 For burns ≥ 30%, start 5% albumin infusion and continue this until 48 hours post burn if predicted 

fluid requirements exceed 6 mL/kg/TBSA per Parkland formula. 
 Once colloid started, decrease maintenance IVF rate to ½ of previous hourly rate and change fluid 

based on serum Na.  Decrease or increase rate based on UOP. 
 If Na > 149: use D5W (contraindicated if concomitant head injury), Na 140-149: use ½ NS, Na < 

140: use LR. Enteral free water is an option with an intact digestive system. 
 Follow serum sodium every 6 hours 
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Adjuncts in Burn Care 
 
 
 The burn wound is especially susceptible to microbial 

invasion because of loss of the protective integument and 
the presence of devitalized tissue.  Reduction of the 
infection risk is of the utmost priority. 

 All burns > 20% TBSA are to be admitted for initial 
resuscitation in the Surgical ICU under strict contact 
(reverse isolation) precautions; when possible monitor for 
and prevent the placement of major burn/epidermal loss 
patients (i.e. SJS/TEN, etc) adjacent to patients with 
known transmissible infections. 

 Ambient room temperature should be set to 90 – 95 
degrees F (32-35 degrees C) to help decrease the 
hypermetabolic response to the burn injury. 

 Propranolol 
o Indicated for burns >20% TBSA. 
o Begin at 0.5 mg/kg/day in resuscitated patients 

(ie. Normal lactate, etc) within 48 hours of 
admission. 

o Monitor for bradycardia and/or hypoglycemia. 
 Oxandrolone 

o Oxandrolone improves muscle protein catabolism 
via enhanced protein synthesis efficiency 

 Monitor LFTs. Contraindicated in pregnancy, nephrosis, 
hypercalcemia. 

 Calculate caloric/protein requirements based on initial 
(i.e. “dry”) IBW at 25 kcal/day + 40 kcal/%BSA burn in 
adults. Initial protein requirements are calculated at 1.5-2 
gm/kg/day. If BMI > 38, discuss with the nutritionist. 

 Ensure PT/OT consulted to assist with AROM/PROM, 
development of progressive resistance exercises, as well 
as to assist with fabrication of anti-contracture devices. 

 
 
 
 
 

Beta-blockade: 

Propranolol 
0.5 mg/kg/day in divided doses (TID) 
and titrated to achieve a 20% 
reduction in HR, not to exceed 4 
mg/kg/day 
 
Anabolic steroid: 

Oxandrolone 
10 mg every 12 hours (assess baseline 
and weekly liver function) 
 
Initial enteral nutrition: 

Vivonex (1 kcal/mL) 
20 mL/hr once FT placement 
confirmed.  Advance to goal feeds by 
20 mL/hr every 4 hrs. when 
resuscitated and off significant 
vasoactive medications 
 
 

References 

Rafla K, Tredget: Infection Control in the Burn Unit. Burns 2011, 37:5-15. 

Saffle JR, Caran G, Cochran, A. Nutritional support of the burned patient. Total Burn Care 4th Edition 2012 333-53. Elsevier. 

Gauglitz GG, et al. Modulation of the hypermetabolic response after burn injury. Total Burn Care 4th Edition 2012  354-60. Elsevier. 

Herndon DN, et al. Reversal of catabolism by beta-blockade after severe burns. N Engl J Med. 2001;345:1223-1229. 

Williams FN, et al. Modulation of the hypermetabolic response to trauma: temperature, nutrition, and drugs. J Am Coll Surg. 2009;208:489-502.



 
 
 

Injury in Pregnancy   |   Section II   |  55 

 

 

20. Injury in Pregnancy 
 

Trauma complicates an estimated 6-8% of the nearly 4 million births annually in the US.  Incidence is 
increased with advancing gestational age and younger maternal age.  Trauma during pregnancy is the 
leading cause of non-obstetric maternal mortality, and while fetal mortality in serious trauma can 
approach 80%, the majority of fetal deaths occur in the absence of life-threatening maternal injury.  This 
guideline reviews basic aspects of initial care in pregnancy, defining a potentially viable fetus as one at or 
greater than 24-weeks gestation. 
 
 Physiologic changes that accompany pregnancy 

o At 30 weeks gestation, blood volume increases by 40 percent, with plasma outgaining red cell 
mass, thus hematocrit levels decrease and commonly measure between 32-35 

o Clotting factors, especially fibrinogen, are markedly elevated (higher risk for VTE) 
o Baseline tachycardia and decrease in SVR 
o Decreased FRC with tachypnea and increased tidal volumes, leading to chronic respiratory 

alkalosis 
o Elevated diaphragm and decreased LES pressure elevated risk of aspiration 

 Injury mechanisms 
o Susceptible to deceleration injury, as uterus is elastic and placenta is not, causing placental 

injury with hemorrhage and dire fetal consequence 
 Evaluation 

o Standard ATLS evaluation does not differ 
o Fetal assessment using ultrasound and FHT is mandatory for early decision-making 
o Special attention to clotting factors and fibrinogen, Kleihauer-Betke test helps to identify 

fetomaternal hemorrhage 
 Radiology 

o Concern for radiation is a small but recognized increase in childhood cancers associated with 
in-utero radiation.  Fetal dose without shielding is 30% of the mother, thus necessary studies 
to adequately evaluate the mother should be obtained.   

o Avoid duplication of films and shield the fetus whenever possible. 
 Management 

o Unstable patients go to the OR, with fetal assessment performed in the OR 
o For a fetus in distress, proceed to the OR for urgent delivery via midline incision 
o Perimortem delivery is an extremely rare event, but should be done within 4 minutes of 

maternal arrest whenever possible 
o After evaluation, if there is no significant injury, patients are likely best admitted to the OB 

unit for on-going fetal monitoring. 
o In the rare setting of serious injury, admit to SICU, keeping telemetry monitoring of the fetus 

and necessary equipment for emergent delivery with the patient at all times (including travel 
for imaging tests, operations, etc.) 

o All operations, except those necessary for life- or limb-threats, should be avoided until the 
stability of the fetus is established. 
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21. Pediatric Emergency Medication Reference 
 
Fluids 

 NS or LR bolus IV 20 ml/kg (max 1000 ml) 
 Maintenance fluid and rate calculations (most common to use one of the following in pediatric 

patients) 
o D5-0.45NaCL with KCl 20 mEq or D5NS with KCl 20 mEq 

 Weight ≤ 10 kg – 4 mL/kg/hr 
 Weight > 10-20 kg – 40 ml/hr for first 10 kg body weight plus 2 ml/kg/hr for weight over 10 kg 
 Weight > 20 to 80 kg – 60 ml/hr for first 20 kg body weight plus 1 ml/kg/hr for weight over 20 kg 

(max 100 ml/hr) 
Hypertonic solutions 

 Sodium chloride 3% bolus – 3 ml/kg IV once (typically over 30 minutes) 
 Sodium chloride 3% continuous infusion 0.5 ml/kg/hr (range 0.1-1 ml/kg/hr) 
 Mannitol bolus 1 g/kg once (usually over 20-30 minutes) (range 0.25-1 g/kg) 

Analgesia 
 Acetaminophen 10-12.5 mg/kg PO/PT/PR/IV every 4 hours or 15 mg/kg every 6 hours prn pain 

and/or fever (max daily dose 75mg/kg/day) 
 Ibuprofen 10 mg/kg PO/PT every 6 hours prn pain and/or fever 
 Oxycodone 0.1-0.2 mg/kg PO/PT every 4-6 hours prn pain (max dose 10 mg) 
 Fentanyl 1-2 mcg/kg IV/IN q 1 hour prn pain (max dose 50 mcg) 
 Morphine 0.05-2 mg/kg/dose IVP every 2 hours prn pain (start with lowest dose)** 

Antibiotics 
 Cefazolin 25 mg/kg IVPB every 8 hours (max dose 2 g)** 
 Clindamycin 10 mg/kg IVPB every 6 hours (max dose 900 mg) 
 Unasyn 50 mg/kg (ampicillin component) IVPB every 6 hours (max dose 2g/dose of ampicillin (3 

g Unasyn))** 
 Gentamicin/Tobramycin – use pharmacy to dose order** 
 Vancomycin – use pharmacy to dose order** 

Stress ulcer prophylaxis 
 Famotidine 0.5 mg/kg IV/PO/PT every 12 hours (for CrCl >= 50 ml/min) (max dose 20 mg) 
 Famotidine 0.5 mg/kg IV/PO/PT daily (for CrCl < 50 ml/min) (max dose 20 mg)** 
 Lansoprazole 15 mg PO/PT 1-2x daily (less than 30 kg) 
 Lansoprazole 30 mg PO/PT 1-2x daily (greater or equal to 30 kg) 

Anti-emetics 
 Ondansetron 0.15 mg/kg IV/PO every 6 hours as needed (max dose 4 mg) 

Anti-epileptics 
 Levetiracetam 10 mg/kg IV/PO every 12 hours (max dose 1000 mg)** 

Stool softeners and bowel stimulants  
 Docusate 2.5 mg/kg PO/PT every 12 hours (5 mg/kg/day, max 400 mg/day, 100 mg/dose) 
 Bisacodyl suppository 5 mg PR daily prn (ages 2-9 years) 
 Bisacodyl suppository 10 mg PR daily prn (10 years and older) 
 Glycerin suppository pediatric 1 suppository PR once prn (less than 6 years old) 
 Glycerin suppository adult 1 suppository PR once prn (6 years and older) 
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22. Geriatric Trauma 
 
The management of geriatric trauma patients represents a unique challenge.  Complex surgical, medical, 
and social problems must be addressed if an optimal outcome in expected.  Providers should be cognizant 
of complex preexisting comorbid conditions, decreased physiologic reserve, increased risk of organ 
failure and frailty to tailor therapies to specific targets. Below are considerations for the geriatric patient. 
 
 Anticoagulant use 

o Determine the presence of, and accurately treat coagulopathy. Recognize both medication-
induced and trauma-induced coagulopathy may be present. (See Chapter 30)  

 Cardiopulmonary issues 
o Many cardiac treatments (beta blockers, pace makers) are designed to control heart rate, 

therefore tachycardia may not be present, despite significant blood loss. 
o Decreased FRC and pulmonary compliance combine with a high incidence of COPD to result 

in difficulties with ventilation and oxygenation which require aggressive pulmonary adjuncts, 
including avoidance of the supine position. 

 Blood pressure 
o Despite a “normal” blood pressure, recognize many patients will be relatively hypotensive, 

and therefore suffer decreased oxygen delivery. 
o Antihypertensive medications are frequent and may confound examination and treatment. 

 Renal failure 
o Preexisting renal failure is common. Blood loss, hypoperfusion and contrasted scans all 

contribute to underlying disease and may worsen outcomes. Additionally, low relative muscle 
mass lowers the threshold for clinically significant renal failure, despite “normal” creatinine 
levels. Medication dosing adjustments should be made with this in mind. 

 Statin medications 
o Frequently prescribed, statins aid in plaque stabilization. With the physiologic changes seen 

after trauma, patients are at increased risk for destabilization of plaques within the coronary 
vessels. Patients who are taking statins pre-injury, should have those medications continued 
as early as possible to decrease the risk of coronary events. 

 Pain control 
o Elderly patients are especially sensitive to the side effects of narcotics, and frequently they 

should be avoided altogether. When required, low doses should be administered to avoid 
worsening delirium. 

 Delirium 
o Underlying dementia and preexisting polypharmacy contribute to the increased risk of 

delirium. Avoid benzodiazepines, antihistamines and similar medications (see Beers Criteria). 
Standard delirium precautions should be in place (lights on, frequent orientation, awake 
during the day, limited nighttime interruptions).  

 Malnutrition 
o Multiple variables are present in elderly patients that result in prevalent malnutrition. 

Nutritional, vitamin and essential nutrient supplementation should be an integral part of the 
patient’s care plan. 
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Geriatric Trauma Management Principles 
 

 Mechanism & Workup 
o Falls are the most common cause of geriatric trauma and is a leading cause of death. 
o Motor vehicle crashes are the second most common. Penetrating trauma is rare. 
o Premorbid conditions often lead to the inciting event and a causative mechanism should be 

identified. Stroke, myocardial infarction, and infection often lead to traumatic events. 
 Elderly patients should be screened for infection, with attention to urine studies 
 Syncopal events should prompt cardiopulmonary workup. 
 Neurologic findings may require Stroke Team Activation. 

 
 Resuscitative phase 

o Consider central and arterial lines for monitoring and hemodynamic management. Consider 
PA catheter for those with SBP ≤ 90 mmHg on admission or requiring blood products. 
 

 Initial 24-48 Hours 
o Address fluid balance, oxygen delivery, and attention to pre-existing medical conditions. 
o Consider beta-blocker therapy. 
o Consider diuretic therapy if hypervolemic. 

 
 ICU Care 

o Patients should be optimized with respect to oxygen delivery, following principles outlined 
later in this text. PA catheters have shown benefit in the geriatric population to achieve goal 
hemodynamic parameters and avoid large volume fluid shifts that could prove detrimental. 
Geriatric patients are at high risk for pneumonia, therefore limiting additional risks of 
pneumonia and impediments to pulmonary hygiene is important.  
 

 Transfer from the ICU 
o Transfer orders and progress notes should specifically address on-going care of high-risk 

issues to avoid deterioration in patient condition 
o Communication of high-risk, patient-specific issues is paramount to ensure treatment plans 

and comorbidities are continually and accurately addressed following transfer. 
 

 Discharge Planning 
o All geriatric trauma patients should have consideration to PT, OT, and/or physical medicine 

and rehabilitation physician evaluation for needs assessment and placement planning. 
o The Trauma-Specific Frailty Index may help predict outcomes and discharge disposition in 

geriatric trauma patients. 
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Trauma-Specific Frailty Index 
 

Frailty index scoring has shown to be superior to age and Injury Severity Scoring in regard to determining 
favorable, versus unfavorable disposition of geriatric patients following injury. Calculate by adding the 
total and dividing by 15. An index >0.27 is associated with an unfavorable discharge disposition (SNF or 
in-hospital mortality). 
 

History 
Cancer History 1 

h/o Myocardial Infarction 1 
h/o CABG 0.75 

h/o Percutaneous coronary intervention 0.5 
Taking cardiac medication 0.25 

Dementia  
h/o Severe dementia 1 

h/o Moderate dementia 0.5 
h/o Mild dementia 0.25 

Activities of Daily Living  
Requires help with grooming 1 

Requires help managing money 1 
Requires help doing housework 1 

Requires help toileting 1 
Wheelchair bound 1 

Uses walker 0.75 
Uses cane 0.25 

Falls 
Most of the time 1 

Sometimes 0.5 

Health Attitude  

Feels less useful 
Most of the time 1 

Sometimes 0.5 

Feels sad 
Most of the time 1 

Sometimes 0.5 

Feels effort to do 
anything 

Most of the time 1 
Sometimes 0.5 

Feels lonely 
Most of the time 1 

Sometimes 0.5 
Sexually Active 1 

Other  
Albumin <3 1 

 
Total             Total ÷ 15  

= Frailty Index 
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23. Thromboelastography 
 

Thromboelastography is technology that was initially developed after World War II to detect congenital 
factor deficiencies. It was relegated to largely academic purpose until the 1980s when it surfaced in 
cardiac surgery and liver transplant. In recent years, it has seen another resurgence in trauma and acute 
care surgery.  
 
Principle 
 Measures the viscoelastic properties of clot formation – coagulation through lysis. 
 Graphically and numerically represented. 
 Provides global assessment of clotting and hemostasis 

o Formation 
o Propagation 
o Strength 
o Stability 

 Each measurement identifies specific abnormalities in clot formation and lysis that can be used as 
therapeutic targets. 

 
Measurements 

 Normal 
Values 

Measured 
Activity 

Components 
Affected 

Coagulopathic 
Findings Treatment

R or  
TEG-ACT 

R: 5-10min 
TEG-ACT: 
86-118 sec 

Thrombin 
generation, fibrin 

formation 

Coagulation 
factors Increased R time 

FFP, PCC, 
rFVIIa 

Alpha (α) 53-72° Fibrinogen, fibrin 
crosslinking 

Fibrinogen 
(major), platelets 

(minor) 
Decreased α angle FFP, Cryo, TXA 

Maximal 
amplitude 

(MA) 
50-70 mm Platelet-fibrin 

interactions 
Platelets (major), 

fibrinogen (minor) Decreased MA Platelets 

Lysis at 30 
min 

(LY30) 
0-8% Fibrinolysis Fibrinolytic 

pathways, plasmin Increased LY30 TXA 

 

Blood Samples 
 Three blue tubes for TEG – waste the first, send the other two 
 One dark green tube for platelet mapping 
 All Alert I trauma activations should have a TEG with platelet map drawn 
 Samples must be delivered to the lab, the pneumatic system may not be used 
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TEG Examples 
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24. Massive Transfusion Guideline 
 
 
The massive transfusion protocol ensures standardized, automated delivery of blood components to the 
critically injured.  Early activation is essential to maximize benefit.  The process provides packed cells 
and plasma in a 3:2 ratio, consistent with best practice literature concerning damage control resuscitation.  
Strict oversight to prevent wastage and identify opportunities for improvement is completed by the 
institution’s Transfusion Committee. 
 
Activation 
 Pick up the red phone in the ED or OR and say, 

“Activate the Trauma Massive Transfusion Protocol.” 
 Provide: Trauma name, medical record number, sex, 

approximate age and weight 
 Lab requisitions will be stamped with the “Major Blood 

Transfusion Protocol” designation 
 Send CBC, PT/PTT, fibrinogen, type & crossmatch 
 
Blood Bank Response 
 Alert 1 trauma activation 

o 4 PRBC 
o 2 pre-thawed FFP immediately available via the 

red phone 
 MTP Phases 1, 3, 5… 

o 4 PRBC, 4 FFP 
 MTP Phases 2, 4, 6… 

o 4 PRBC, 4 FFP, 1 Platelet 
 Return unused boxes to the blood bank immediately.   
 Pack unused product according to instructions on the 

box to mitigate wastage.   
 Lab studies as indicated to assess response. 
 
Adjuncts 
 Tranexamic acid (1gm IV) should be considered. 
 Prothrombin complex concentrate should be considered. 

 
Stop MTP 
 Notify blood bank to, “Stop the Massive Transfusion 

Protocol,” when no longer needed. 

Risk Factors for MTP 
Physical exam findings 

 Decreased mental status from 
shock 

 Severe TBI with associated 
injuries 

 Clinical coagulopathy 
 Hypothermic from blood loss < 

35˚C (<95˚F)  
 Hypotensive from blood loss 

(SBP <90 mmHg or 
weak/absent radial pulse) 
despite initial resuscitation 

Laboratory values 
o INR > 1.5 
o Base deficit > 6 
o pH < 7.2 
o Hemoglobin < 12 

Injury patterns 
 Hemoperitoneum with shock 
 Massive hemothorax (>1000mL 

output initially, or >200mL/hr 
for 4 consecutive hours 

 Bilateral or ≥ 2 proximal 
amputations or mangled 
extremities 

 Truncal/axillary/neck/groin 
injuries with uncontrolled 
hemorrhage 

Independent Risk Factor  
 Age > 55 
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Section III: Organ System Management Guidelines 
 
 
 
 
 
 
 

25. Cardiovascular 
Resuscitation 

 
 
Resuscitation of the acutely-injured is an ever changing topic. Massive crystalloid resuscitation has given 
way to judicious fluid resuscitation and early blood product utilization.  
 
The adverse effects of crystalloid resuscitation include worsened pulmonary status and ARDS, circulatory 
overload, electrolyte abnormalities, acidosis, renal insufficiency, global edema, worsened outcomes and 
increased risk of mortality.  
 
Blood products are not without consequences however. Immunosuppression, and subsequent increased 
infectious complications, is a key sequela of blood product resuscitation, in addition to the rare, but 
highly-publicized effects of entities such as TRALI and TACO.  
 
Despite differences in opinion and disparities among available evidence, it is clear that patient’s should be 
resuscitated with the least amount of fluid necessary, and that over-resuscitation is just as detrimental, if 
not worse, than under-resuscitation. 
 
With this in mind, each patient will present with differing hemodynamic profiles that respond variably to 
standard treatments. Therapy aimed at attaining specific resuscitation goals should be employed to avoid 
the untoward effects of blind good intention.   
 
  



 
 
 

64  |   Section III   |   Cardiovascular    

 

 

 

IV Access 
 
Goals and Considerations 
 Large bore (18 ga.) peripheral access is the preferred 

initial access. 
 Resuscitation central catheters should be either large 

bore dual-lumen (“dialysis”) catheters or single-lumen 
sheath introducers (“Cordis”). 

 Standard triple-lumen or quad-lumen catheters have no 
role in the initial volume resuscitation of a critically ill 
patient, as the lumen are too small to allow volume 
administration. 

 Subclavian is the preferred site for central catheters, due 
to the decreased infectious and thrombotic risk. 

 If deemed appropriate, IJ lines should be placed with 
ultrasound, after identifying landmarks. 

 Femoral central lines should be avoided due to the high 
risk of infectious and thrombotic complications. 

 Lines placed in the trauma bay under less-than-ideal 
circumstances, should be removed within 24 hours. 

 If venous access cannot be obtained, an intraosseous 
(IO) line is a reasonable alternative until IV access can 
be attained. 

 Once venous access is gained, arterial lines should be 
inserted in all critically-injured patients. 

 Arterial lines are extremely useful for monitoring and, 
with an ABG/Hct/Lytes/Lactate, provide enough 
information for successful resuscitation in most 
instances. Arterial lines should be utilized for all 
critically ill patients. 

 

Volume
 18 ga. Peripheral IV x2 
 Dual lumen “dialysis” catheter 
 Single-lumen sheath introducer 

(“Cordis”) 
 
Monitoring 
 Arterial line 
 Triple/Quad-lumen catheter 
 PA Catheter (Swan-Ganz) 
 
Access Location Priority 
 Peripheral (at least 2) 
 Subclavian 
 Internal Jugular 
 Femoral 
 Intraosseous 
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Volume 
Each patient’s physiology will determine the type and amount of resuscitation volume administered. The 
days of “2L bolus,” have long passed. Determine the needs of the patient quickly and decisively, and 
deliver the necessary resuscitation to achieve endpoints. 
 
Goals and Considerations 
 Limited crystalloid should be infused in the trauma 

bay. Hypotensive trauma patients are hypotensive due 
to blood loss in many cases, and therefore should 
receive what they have lost – blood products. 

 Not all trauma patients need blood. Not all need 
crystalloid. Tailor your resuscitation fluids to the 
needs of the patient. 

 Patients requiring Massive Transfusion are few – less 
than 5%. However, when a patient meets MTP 
criteria, activate it without delay via the red phone. 

 There is no evidence to support FFP administration 
solely as a volume measure, outside of MTP. FFP 
should be reserved as a component of fixed-ratio, or 
balanced transfusion, and should be utilized early. 

 Hypertonic saline (HTS) has the benefit of increased 
osmolality results in decreased anasarca and visceral 
edema, decreased inflammation, less volume required, 
and increased cardiac output. 

 For brain-injured patients, judicial fluid management 
is crucial. NS or HTS is preferential when enteral 
feeding is not an option, or suboptimal. 

 When isotonic crystalloid is necessary, LR is the fluid 
of choice, as it is considered a balanced solution. 

 Albumin or synthetic colloids (Hespan) have no role 
in resuscitation, with the exception of a very small 
subset of thermally-injured patients. Increased risk of 
death, renal failure is associated with their use. 

Blood (PRBC) 
+ ↑DO2i via ↑CO, ↑Hbg 

- Immunosuppressive, 
↑Infections 

  

Plasma (FFP) 
+ ↑All factors, ↑Fibrinogen

- Immunosuppressive, 
↑Infections 

  

Lactated Ringers (LR)
+ Balanced crystalloid 

- 
Interstitial edema, 
↑Inflammation, Weak volume 
expansion 

  

Hypertonic Saline (HTS)

+
↓Edema, inflammation, 
volume necessary, ↑cardiac 
output

- Hyperchloremic metabolic 
acidosis 

  

Albumin  
& Synthetic Colloids 

+ ↑Volume expansion 

- 

↑Renal failure, ↑Mortality 
with TBI, Rebound 
hypotension, 
↑Coagulopathy, ↑Cost 
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Endpoints & Monitoring 
Resuscitation goals are met by clearly defining endpoints which will ultimately improve outcomes. The 
goal of a successful resuscitation should be to restore and retain normal oxygen delivery to tissues. No 
single endpoint is in and of itself, a reliable marker of resuscitation completeness. 

Goals and Considerations 
 Traditional endpoints (HR, BP, UOP) are inadequate 

in the care of critically ill patients due to a multitude 
of confounding variables. 

 Arterial waveforms and pressures are affected by 
systemic vascular resistance (SVRI), compliance, 
stroke volume (SV), contractility and preload. 

 Arterial pressure monitors (Vigileo) calculate SV, 
SVV, SVRI and others by assuming changes in pulse 
pressure equate to changes in stroke volume. 

 Arterial pressure monitors are most reliable with 
stable mechanical ventilation, and without the 
presence of arrhythmia. 

 Central venous pressure measurements are best 
utilized when trends are visualized and interpreted in 
clinical context. Although CVP provides useful 
information, evidence suggests it is less reliable. 

 CVP is affected by catheter position, atrial and 
pulmonary compliance, intrathoracic pressure (PEEP) 
and intravascular volume. 

 ScvO2 determines central venous oxygen content, and 
utilized to determine response to resuscitation and is 
obtained via continuous or intermittent sampling. 

 ScvO2 interpretations are complex, and are affected 
by cardiac output (CO), Hgb, oxygenation, and 
oxygen consumption. 

 Base Deficit and Lactate have been shown to be a 
reliable marker of resuscitation responsiveness. Early 
lactate clearance results in less septic and trauma 
mortality. 

 Oxygen delivery (DO2I) is likely the most useful of 
all endpoints of resuscitation. 

References 

Giraud R, et al. ScvO2 as a marker to define fluid responsiveness.  J Trauma 
2011;70:802-7.  

Jones AE, et al. Lactate clearance vs ScVO2 as goals of early sepsis therapy. 
JAMA 2010;303:739-46. 

Odom SR, et al. Lactate clearance as a predictor of mortality in trauma. J 
Trauma Acute Care Surg 2013;74:999-1004.  

Sasai T, et al. Reliability of central venous pressure to assess left ventricular 
preload. J Intensive Care 2014;10:58. 

De Backer D, et al. Arterial pressure-based cardiac output monitoring: a 
multicenter validation. Intensive Care Med 2011;37:233-40.  

Traditional Endpoints
+ Easily observed 

- Confounders (anxiety, pain, 
medications, comorbidities, 
postoperative, etc) 

  

Arterial Waveform (Vigileo)
+ Only arterial line needed, 

Real-time CO, SV, SVV, DO2I 
- No use with arrhythmia, 

Minimal use in 
spontaneously breathing 
patients, SVRI less reliable 

  

CVP 
+ Easy to monitor, Real-time 

- 
Affected by catheter 
position, Often unreliable 
data – best when trended 

  

ScvO2 

+ Elucidates tissue O2 
consumption 

- 

Affected by catheter 
position, mixed evidence as 
to correlation with SVO2, 
Complex interpretation 

  

Lactate 

+ One of most reliable 
markers 

- Requires serial lab draw 
  

Base Deficit 

+ One of most reliable serum 
markers 

- Serial labs, ETOH, HCO3 
effects 

  

Oxygen Delivery (DO2I) 

+ Most useful endpoint, 
Factors in Hgb, CO, SaO2 

- Requires calculation and 
invasive monitoring 
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Hemodynamic Normal Values & Calculations 
CVP 
Spontaneously 
Breathing  

6-8 mmHg 

Mechanically 
Ventilated 

8-12 mmHg 

a: Atrial contraction;  
c: Early ventricular contraction  
    and bulging tricuspid; 
x: Atrial relaxation and pressure drop;  
v: Pressure increase with atrial filling;  
y: Tricuspid opens and atrium empties 

  
Arterial Waveform (Vigileo) 

Cardiac Output (CO) 4-8 L/min 

Cardiac Index (CI) 2.5-4 L/min/m2 

Stroke Volume (SV) 60-100 mL/beat 

SV Index (SVI) 33-47 mL/beat/m2 
Systemic Vascular 
Resistance (SVR) 

800-1200  
dynes-sec/cm-5 

SVR Index (SVRI) 
1970-2390  
dynes-sec/cm-5/m2 

Stroke Volume 
Variation (SVV) 

<13% 

 
 
Pulsus paradoxus – indicates volume responsiveness; 
decreased preload 

  
ScvO2 

Normal 70% 

Increased 
↓ Tissue oxygen 
consumption; ↓CO, ↑SVRI 

Decreased 
↑ Tissue oxygen 
consumption; ↑CO, ↓SVRI 

 

Pulmonary Artery Catheter  
Mixed Venous O2 
Saturation (SvO2) 

60-80% 

Central Venous O2 
Saturation (ScvO2) 

70% 

Right Ventricular 
Pressure (RVP) 

15-30/0-8 mmHg 

Pulmonary Artery 
Pressure (PAP) 

15-30/8-15 mmHg 

Mean Pulmonary 
Artery Pressure (MPAP) 

9-18 mmHg 

Pulmonary Artery 
Occlusion Pressure 
(PAOP) “Wedge” 

6-12 mmHg 

Left Atrial Pressure 
(LAP) 

4-12 mmHg 

Cardiac Output (CO) 4-8 L/min 
Cardiac Index (CI) 2.5-4 L/min/m2 
Stroke Voluem (SV) 60-100 mL/beat 
SV Index (SVI) 33-47 mL/beat/m2 
Systemic Vascular 
Resistance (SVR) 

800-1200 dynes-sec/cm-5 

SVR Index (SVRI) 1970-2390  
dynes-sec/cm-5/m2 

Pulmonary Vascular 
Resistance (PVR) 

<250 dynes-sec/cm-5 

PVR Index (PVRI) 255-285 dynes-sec/cm-

5/m2 
Left Ventricular Stroke 
Work Index (LVSWI) 

50-62 mmHg×mL/m2 

Right Ventricular 
Stroke Work Index 
(RVSWI) 

5-10 mmHg×mL/m2 

  
Equations 
CO / CI (HR × SV) ÷ BSA 
SVRI 80 × (MAP-RAP) ÷CI 
PVRI 80 × (MPAP-PAOP) ÷ CI 
Arterial Oxygen 
Content (CaO2) 
(Nml: 16-22 mL/dL) 

(0.0138 × Hgb ×SaO2) + 
0.0034 × PaO2) 

DO2I 
(Nml: 500-600) 

CaO2 × CI × 10 
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Vasopressors & Inotropes 
Vasopressor use should be limited if at all possible, and should be utilized in the setting of persistent 
hypoperfusion and hypotension in a euvolemic patient. Specific indications for use vary between 
available agents. The deleterious effects of vasoconstriction can result in visceral and peripheral ischemia, 
and overall can worsen outcomes. Choosing the correct pharmacologic means to achieve improvement in 
oxygen delivery, however can aid the patient in attaining hemodynamic normalcy to ensure adequate 
perfusion and improve outcomes. All vasopressor agents have a risk of arrhythmia. In most cases, 
initiating therapy with a pure alpha agent without beta agonist will result in decreased cardiac output with 
worsened hemodynamics. 
 
 α1 β1 β2 DA V1
Location Vascular 

smooth muscle 
Cardiac myocytes Bronchi, coronaries, 

cardiac myocytes 
Cardiac myocytes, 
vascular smooth 
muscle 

Vascular smooth 
muscle (viscera) 

Action ↑↑↑Vasoconstri
ction 

↑↑↑Contractility; 
↑↑↑Heart rate 

↑↑↑Bronchodilation; 
↑Vasodilation; 
↑Contractility; ↑HR 

↑↑Contractility; 
↑↑HR; ↑pulm 
vasodilation 

↑Vasoconstriction 

 
Medication Indication α1 β1 β2 D1 V1 Side Effects

Dopamine 
Shock, especially 
with bradycardia; 
Heart failure 

+++ ++++ ++ +++++  
↑↑Arrhythmias, tissue 

ischemia with high doses

Epinephrine 
Shock, arrest, 
anaphylaxis 

+++++ ++++ +++   
Ventricular arrhythmia, 

cardiac ischemia 

Norepinephrine Shock  +++++ +++ ++   
Bradycardia, 

bradyarrhythmia, 
peripheral ischemia 

Vasopressin 

High dose: 
Cardiac arrest. 
With NorEpi for 
shock  

Sensitizes Sensitizes Sensitizes  +++++ 

At high doses: cardiac 
and visceral ischemia 

Phenylephrine 

Nonshock 
hypotension; 
Anesthetic 
vasodilation 

+++++     

Bradycardia, worsened 
cardiac output 

Dobutamine 
Cardiac 
dysfunction, 
cardiogenic shock 

+ +++++ +++   
↑↑↑Arrhythmia, cardiac 

ischemia 

Milrinone Heart failure 
Phosphodiesterase inhibitor (prevents breakdown of cAMP) 

results in increased contractility and afterload reduction 

Hypotension, Torsades 

  Pressor Ino/Chrono Dilator Dilator Pressor  
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Management of Atrial Fibrillation 
 

The most common dysrhythmia following injury or surgery is atrial fibrillation. Often it is self-limited 
and occurs due to resuscitation volume administration and fluid shifts from the interstitium into the 
vasculature. Most commonly it occurs 48-72 after injury or after undergoing operative intervention. 
Treatment is warranted to maintain hemodynamic stability and organ perfusion. Prolonged (>48 hours) 
atrial fibrillation is associated with increased risk of stroke. 
 
Risk Factors 

 Advanced age 
 Electrolyte abnormalities, specifically Mg, K, Ca 
 Atrial distension 
 CHF, COPD, Diabetes, Hyperthyroidism 
 History of preoperative atrial fibrillation 
 Pericarditis 

 
Goals of Treatment 

 Control ventricular rate 
 Prevent embolic events 
 Maintain organ perfusion  

 
Management 

1. Obtain 12-lead EKG to determine rhythm. 
Note: Atrial fibrillation is exponentially more 
common than SVT in the critically-ill population. 

2. Determine hemodynamic stability 
a. Unstable 

i. Synchronized cardioversion 
ii. If unsuccessful, amiodarone 

b. Stable 
i. Pharmacologic therapy 

 
Pearls 

 If patient has a history of BB, CCB or other 
antiarrhythmic therapy, he/she will be most likely to 
respond to the same therapy acutely. 

 Volume administration is rarely useful, and often 
worsens atrial dysrhythmias. 

 Conversion to oral agents requires assurance of gut 
absorptive capacity prior to use. 
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Magnesium   Potassium 
  1-2 gm IV            20-40 mEq IV 
 

First Line Therapy: 
Metoprolol 

  5-10 mg IV 
  Maintenance: 5 mg IV Q6 
 

Esmolol 
  Load: 0.5mg/kg IV 
  Maintenance: 0.05 mg/kg/min,  
  may increase to 0.2 mg/kg/min 
  

Diltiazem 
  Load: 20 mg IV bolus 
  May repeat load in 15 min x1 
  Maintenance: 5-15 mg/hour infusion 
  Oral conversion: 30-60 mg PO Q6 
 

Amiodarone 
  Load: 150-300 mg IV bolus 
  Maintenance: 1 mg/min, 
  If stability reached then  
  decrease to 0.5 mg/min. 
  *May continue 1 mg/min until  
  10 gm load is achieved 
  Oral conversion:  
       200 mg PO TID – Qday 
 

Second Line Therapy: 
Digoxin 

  0.25-0.5 mg IV Qday 
  Caution: Renal insufficiency 
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Hypertension 
 

Definitions 
 Hypertension  

o SBP ≥ 140 or DBP > 90 
 Hypertensive Urgency  

o SBP ≥ 180 or DBP ≥ 110 without evidence of 
end-organ dysfunction 

 Hypertensive Emergency  
o SBP ≥ 180 or DBP ≥ 110 with evidence of end-

organ dysfunction, defined as neurologic changes, 
intracranial hemorrhage, aortic dissection, 
myocardial ischemia, etc.) 

 
Principles 
 Patients with a history of hypertension should continue, or 

resume post-operatively, their home medications as soon 
as possible to minimize rebound hypertension 

 Acute hypertension, in the post-operative period, without 
a history of hypertension, is almost always related to pain, 
anxiety, agitation, or abnormal gas exchange/pH 

 Acute hypertension with SBP <160 does not require 
treatment in most instances 

 In hypertensive emergencies, goal lower 20-25% in the 
first 60 minutes, SBP < 160 and DBP < 100-110 over 
next 2-6 hours. Hypertensive urgency can be corrected 
over hours to days 
 

Pearls 
 Beta blockers decrease HR and myocardial O2 

consumption, but have minimal antihypertensive effect 
 Brain-injured patients lose cerebral autoregulation, 

therefore caution is advised in treating hypertension as 
cerebral ischemia may result 

 Esmolol is preferred for acute aortic dissection or 
transection due to its ability to decrease the change in 
pressure exerted against the aortic wall, not specifically to 
affect hypertension 

Acute Aortic Dissection:

Esmolol 
  50 mcg/kg/min, titrated 25-50  
  mcg/kg/min, max dose of 300 
  mcg/kg/min, vasodilator therapy may 
  also be required if SBP > 120 
 
Intracerebral Hemorrhage 

Nicardipine infusion  
  5 mg/hr, titrated 2.5-5 mg/hr,  
  max dose of 15 mg/hr  
  (1st line for spontaneous SAH) 

Labetolol  
10-40 mg Q4 
 
Acute MI 

Esmolol, Labetolol, Metoprolol     
  1.25-5 mg Q6,  
  max dose of 10 mg every 4 hours 

Nitroglycerin  
  5 mcg/min, max dose of  
  200 mcg/min if HR < 70 
 
Diastolic Hypertension 

Hydralazine  
10-40 mg Q4 
 
Perioperative Hypertension 

Esmolol, Labetolol, Nicardipine  
 
Sympathetic Crisis  

Nicardipine 
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26. Pulmonary 
Mechanical Ventilation for Surgical Residents 

 
This chapter was designed to provide an easy reference on the use and management of mechanical 
ventilation. Management of complex lung injury requires a solid working knowledge of pulmonary 
mechanics, compliance, and patient factors – as well as a firm understanding of the equipment utilized to 
effect the desired result. House officers should employ respiratory therapists in ventilator management, as 
they often have extensive experience and operate under protocols approved by medical and surgical 
intensivists. Additional reading and study is required to successfully manage the ventilated patient, as this 
chapter provides only an overview.  
 
Respiratory Adjuncts Prior to Intubation 
 Incentive spirometry  

o Single most effective method in preventing pulmonary complication 
o Patients should use it 10x per hour 

 Vibrating Positive Expiratory Pressure (PEP) 
o Aids in clearing secretions 
o Encourages coughing 

 Adequate pain control 
o Ensuring adequate pain control will allow patients to perform pulmonary toilet 

 Ambulation 
 Percussion therapy 
 
Indications for Mechanical Ventilation 
 Tachypnea > 35/min 
 Bradypnea < 6-8/min 
 pO2 < 60mmHg on FiO2 > 50%; i.e. P/F < 100-200 
 SPO2 < 90% on FiO2 > 50% 
 pCO2 > 50mmHg (hypoventilation or COPD exacerbation) 
 Normal pCO2 in the setting of tachypnea 
 
VAP Bundle 
 Elevate head of bed 30 degrees 
 Routine oral care with chlorhexidine 
 DVT prophylaxis 
 GI stress ulcer prophylaxis with H2-blocking medications 
 Subglottic suction-equipped endotracheal tubes 
 Daily sedation interruption with assessment of readiness to extubate (spontaneous breathing trial) 
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Modes of Mechanical Ventilation 
 
Pressure vs. Volume  
 Pressure mode allows the ventilator to adjust its flow rate and thus volume (flow rate × time = 

volume) as long as it does not exceed the set maximum pressure (above PEEP).  This forces the 
ventilator to adjust its flow rate to “fly under the max pressure radar” and deliver its volume 
depending on how long the breath is (determined by I:E ratio).  The desired tidal volume can be 
achieved by adjusting this maximum pressure.  

 Volume mode controls the total amount of tidal volume delivered by adjusting the flow rate x time.  
There is no pressure limit so the flow rate can be anything the ventilator desires to achieve its tidal 
volume (depending on set I:E ratio and length of the breath in seconds).  This is where the peak in 
pressure is seen which can theoretically cause alveolar damage at end inspiratory volumes/pressures.  

 

Support 
 Support mode allows the ventilator to augment the flow rate of a spontaneous breath to a set pressure 

and no more.  The patient is in complete control of the breath such as flow rate and length of breath. 
Support mode is generally best for patients who are not actively undergoing resuscitation or in the 
acute phase of injury. 
 

Control 
 Control modes or Assist Control (AC) modes control all parameters of the mechanical breath from 

flow rate, length of breath, I:E ratio, pressures and volumes.  Helpful when patient is completely 
unable to oxygenate and ventilate on their own with less work of breathing.  Harmful because can 
drastically increase minute ventilation causing hyperventilation. 

 Any spontaneous breath initiated by the patient on this mode automatically initiates the same 
completely controlled breath as above.  The waveforms look identical unless the patient “fights” the 
breath by increasing transpulmonary pressures thereby triggering the pressure/volume limit.  
 

Automode  
  “Automode” – some ventilators like the ServoI™ have a control mode with a rate which 

automatically switches to a patient-controlled support mode when they initiate a spontaneous breath.  
It’s like a hybrid mode between control and support. 
 
 

Initial Settings
Pressure AC or PCV Volume AC 

FiO2 100%, decrease quickly to <80% FiO2 100%, decrease quickly to <80% 
Initial peak pressure 20-30 cm H2O (incl. PEEP) Goal Paw goal <40 cm H2O 
RR 10-14 bpm, adjust for desired pCO2 RR 10-14 bpm, adjust for desired pCO2 
PEEP 5-10 cm H2O PEEP 5-10 cm H2O 
Goal tidal volume 6-8 mL/kg/IBW Tidal volumes 6-8 mL/kg/IBW 
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Pressure Regulated Volume Control (PRVC) 
 Dynamic mode that allows one to set a desired tidal volume which will not exceed the upper pressure 

limit set on the ventilator (up to 5 cmH20 UNDER that limit to be exact). 
 If tidal volume delivered exceeds desired volume the ventilator decreases the pressure delivered by 3 

cmH20 increments to achieve the lowest pressure required to deliver the set volume. 
 If tidal volume delivered is less than the desired volume the ventilator increases the pressure delivered 

by 3 cmH20 increments to deliver desired volume until it reaches the upper pressure limit. 
 PITFALL:  If there is a large spontaneous breath, the mode will continue to decrease the delivered 

pressure when there wasn’t a real change in compliance which could result in derecruitment.  
Likewise, one has to be aware of that set maximum pressure as significant barotrauma can still be 
seen. 
 

PRVC Initial Settings
FiO2 100%, decrease quickly to <80% 
Initial peak pressure 20-30 cm H2O (+ PEEP) 
Initial max pressure 40 cm H2O 
RR 10-14 bpm, adjust for desired pCO2 
PEEP 5-10 cm H2O 
I:E ratio 1:3-4 
Goal tidal volume 6-8 mL/kg/IBW. Ventilator 
with auto-adjust by 3 cm H2O increments. 
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Airway Pressure Release Ventilation (APRV) 
 Also known as “open lung ventilation” because it keeps the lungs open and only allows them to 

collapse and exhale for < 1 sec (Tlow). 
 Continuous positive pressure (like CPAP) at a high pressure (Phigh) for 5-6 sec (Thigh) which “drops” 

for exhalation to a low pressure (Plow) usually zero for a brief moment (Tlow) to allow approximately 
50% volume release during each cycle. 

 It is a spontaneous mode for awake and breathing patients, not a controlled mode for paralyzed 
patients. In paralyzed patients, the same effect can be accomplished with a control mode. 

 It minimizes barotrauma by limiting the open-close-open-close cycle that is most damaging to already 
injured lungs with poor compliance. 

 Oxygenation is improved with less mean airway pressure (Paw) at the expense of hypercarbia 
(permissive hypoventilation). 

ARPV Initial Settings
FiO2 100%, decrease quickly to <80% 
Tlow 0.8 sec 
Plow 0 cm H2O 
Thigh 5.2 sec 
Phigh 20-30 cm H2O 
ABG in 30 minutes to assess pCO2 

 
 To decrease pCO2, decrease Thigh to allow for more “releases,” or increase Tlow to allow more time for 

release. Caution not to increase the Tlow beyond that which benefit is found. Typically, Tlow is rarely 
adjusted beyond the initial ABG result. 

 Weaning from APRV requires a “drop and stretch” model. Phigh is gradually decreased, while Thigh is 
gradually increased. Over a period of days, the waveform begins to closely resemble CPAP, as the 
Thigh is nearly constant with few releases occurring. At a Phigh of approximately 16 cm H2O, the 
patient is placed on CPAP, and subsequently extubated if not ventilated via tracheostomy. 

 
APRV Waveforms
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Evaluation and Management of Hypoxia 
 
Whether hypoxia is caused by impaired gas exchange secondary to decreased alveolar permeability, as 
seen with ARDS, or secondary to tension pneumothorax, hypoxia globally worsens outcomes. 
 
Mechanisms of hypoxia 
 Inadequate PAO2 – Alveolar hypoventilation, decreased FiO2 
 V/Q Mismatch – Pulmonary embolus, dependent perfusion/apical ventilation 
 Shunt – Intrapulmonary, intracardiac, ARDS 
 Diffusion abnormality - ARDS 
 
Evaluation of hypoxia 
 Physical exam 
 Ensure accurate SpO2, obtain ABG and CXR 
 Consider thoracic ultrasound to determine is pneumothorax is present 
 Consider extrapulmonary causes (MI, arrhythmia) of hypoxia 
 
Treatment of hypoxia 
 Oxygen 

o Oxygen by nasal cannula, face mask, or increased FiO2 should be the first treatment 
 Increase the mean airway pressure  

o Increase PEEP 
o *Increase I-time 
o *Inverse Ratio Ventilation 
o *APRV 

 Improve the V/Q mismatch, increase FRC 
o Kinetic therapy (KTT/Rotobed) 
o Prone positioning 

 Improve Shunt 
o Epoprostenol, an inhaled prostacyclin 
o Inhaled nitric oxide – only indicated with pulmonary hypertension 

 Improve laminar flow to subsegmental lung units 
o Heliox therapy – most useful when obstruction is present (severe COPD) 

 High frequency oscillation (limited evidence in adults) 
 Extracorporeal membrane oxygenation (ECMO) 
 Limit overall fluid volume 
 
*Caution: Hypercarbia may result from decreased expiratory times. 
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Evaluation & Management Hypercarbia 
 

Hypoventilation is by far the most common cause of acute hypercarbia. Narcotics, acidosis and brain 
injury are frequently culprits leading to hypoventilation. Chronic hypercarbic states, such as COPD, 
plague both the prehospital, and inpatient settings and can often lead to misleading acid-base 
interpretations, in addition to creating difficulties regarding mechanical ventilation. 
 
Causes of Hypercarbia 
 Hypoventilation 
 Obstruction (COPD, acute obstruction) 
 Exogenous bicarbonate and acetate administration 
 
Evaluation of hypercarbia 
 Physical exam (miosis, auscultation, obstruction) 
 Review of medications 
 CXR, ABG 
 
Treatment of hypercarbia 
 If narcosis is suspected, treat with 0.4 mg naloxone IV, and repeat as necessary 
 Noninvasive ventilation (Bipap) may be of benefit in patients with no contraindications, such as brain 

injury, altered mental status, and hemodynamic instability. 
 Increase minute ventilation with goal 10-14, repeat ABG in 20 minutes. 

o Increase respiratory rate 
 Caution: Increasing respiratory rate to the point, or beyond the induction of auto-

PEEP will worsen hypercapnia. There is a limit to which respiratory rate can be 
increased. 

o Increase tidal volume 
 Caution: Large tidal volumes (>10 mL/kg/IBW) worsen lung injury. As with 

respiratory rate, tidal volume is limited and is largely related to the patient’s lung 
compliance. The patients flow loop must return to baseline (ie. Adequate expiratory 
time) to avoid worsening hypercarbia. 

o Change I-time 
 Decreasing the I-time while maintaining the same respiratory rate, will effectively 

increase the I:E ratio and allow more time for expiration. This decrease in pCO2 will 
be at the expense of worsened oxygenation, as the lower I-time will have less time 
for gas exchange. Lengthening the I:time may conversely allow for greater gas 
exchange and CO2 elimination in ARDS or other conditions where diffusion capacity 
is limited. 
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Hypoxia/Hypercarbia Ventilator Example Waveforms 
 

 
 
In this example, the relationship between oxygenation and ventilation is illustrated. By increasing 
inspiratory time, ventilation is affected. While PEEP has a much lesser effect on ventilation, and is more 
related to lower tidal volumes and may result in hypercarbia.  
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Pulmonary Positioning 
 
Head of Bed Elevation  
 >30 degrees reduces pneumonia and aspiration risk 
 Improved oxygenation 
 Improved lung recruitment 
 No patient should be totally flat in the SICU 
 
Ambulation 
 Increases FRC 
 Increases respiratory drive 
 Increases pulmonary toilet 
 
Prone Positioning & Kinetic Rotational Therapy 
 Prone positioning and rotational therapy have profound effects on the V/Q mismatch that occurs with 

prolonged ICU care. The simple principle, “air is lighter than water,” applies to the theories regarding 
position changes and improved oxygenation and ventilation.  

 Offloads mediastinal structures 
 Reopens collapsed lung segments by change dependency 
 Reduces atelectasis 
 Prevents ventilator-associated pneumonia 
 Improves ventilation and perfusion 
 Increases FRC 
 Decreases lung-related mortality in ARDS 
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Liberation from Mechanical Ventilation 
 
Timing of mechanical ventilation liberation if often difficult to assess despite a multitude of published 
methods of assessment. Clinical gestalt is often incorrect in predicting those who succeed, and those who 
fail after extubation.  
 
Variables Suggesting Readiness to Extubate 
 Acute illness phase resolved 
 No planned operative interventions within 24 hours 
 Hemodynamically improved off inotropic support 
 Base deficit and perfusion abnormalities corrected 
 Appropriate mental status 
 PaO2/FiO2 > 150 
 Stable or minimal ventilator settings 
 Cuff leak present 
 
Objective Measures Predicting Successful Liberation 
 Minute ventilation 8-12 L/min 
 Maximum inspiratory pressure <-20 to -30 cmH2O 
 Tidal volume >5 mL/kg 
 Respiratory rate <30 bpm 
 Rapid shallow breathing index (RSBI) <105 breaths/min/mL 

o RSBI = respiratory rate ÷ tidal volume 
 CROP >13 mL/breaths/min 

o CROP = [compliance × max inspiratory pressure (PaO2/PAO2)] ÷ respiratory rate 
 

Avoiding Reintubation 
 Adjuncts, such as extubating to BiPAP or high-flow nasal cannula(HFNC) may be beneficial in 

certain patient cohorts. 
o BiPAP 

 Evidence suggests benefit to avoiding both intubation and re-intubation in patients 
with underlying lung disease, and those that have undergone abdominal surgery. 

o HFNC 
 May be beneficial in patients > 3 days mechanical ventilation prior to extubation, or 

those with a cardiopulmonary diagnosis, such as COPD or CHF 
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Sedation and Maintenance of Mechanically Ventilated Patients 
 
 
 Following placement of an invasive airway, verify 

placement by chest rise and presence of breath sounds 
after each patient movement.  Monitor ETCO2 whenever 
possible. 
 

 Maintain analgesia, sedation, and/or neuromuscular 
blockade appropriate for the clinical scenario and patient 
condition. 

 
 Achieving adequate pain control, particularly in post-

trauma and surgical patients, is an important aspect of 
adequate sedation schema. 

 
 Most sedatives cause vasodilation and may lead to 

hypotension, with propofol and dexmedetomidine being 
the most likely. Give boluses with caution. 
 

 Ketamine is associated with tachycardia, hypertension and 
may be useful for hypotensive patients. Ketamine has been 
shown to have no effect on intracranial pressure. 

 
 Dexmedetomidine may be useful in decreasing narcotic 

and sedation dosages, and has the benefit of allowing 
sedation with increased wakefulness.  

 
     Respiratory Care Service personnel will follow the 

standardized practice guideline “Ventilator Initiation and 
Management” when establishing and maintaining patients 
on mechanical ventilation.   

 
     Special circumstances or alternative modes such as airway 

pressure release ventilation (APRV – See Modes of 
Mechanical Ventilation) will require a physician’s order. 

Analgesia:

Fentanyl 
Adult: 100-200 mcg/kg IV PRN 
Peds: 1-3 mcg/kg IV 
 
Sedation: 

Propofol (Diprivan®) 
5-10 mcg/kg/min, titrate to effect, not 
to exceed 80 mcg/kg/min 
 

Midazolam (Versed®) 
Adult: 1-5 mg IV PRN q5 min 
Peds: 0.05-0.1mg/kg PRN q5 min 
 

Ketamine  
2-10 mcg/kg/min IV infusion 
 

Dexmedetomidine (Precedex®) 
Initial dose: No loading dose 
Maintenance: 0.2-0.7 mcg/kg/hr 
 
 
Paralytics/Neuromuscular 
Blockade: 

Vecuronium (Norcuron®) 
Initial dose: Adult/Peds: 0.1 mg/kg IV 
Maintenance: Adult/Peds: 0.03-0.1 
mg/kg IV 
 

Cisatricurium (Nimbex®) 
Initial dose: 10 mg IV  
Maintenance: 3-10 mcg/kg/min IV 
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Ventilator-Associated Pneumonia 
 
Critically-ill patients requiring mechanical ventilation for longer than 24 hours are 6-21 times higher risk 
for developing ventilator-associated pneumonia (VAP). Trauma patients, in particular, are at increased 
risk for developing pneumonia, regardless of the presence of thoracic injury. Over 80% of all pneumonias 
treated in intensive care units are linked to mechanical ventilation, and although published rates vary, 
pneumonia incidence results in high figurative and literal costs to patients and health systems. 
 
VAP Bundle 
 Elevate head of bed 30 degrees 
 Routine oral care with chlorhexidine 
 DVT prophylaxis 
 GI stress ulcer prophylaxis with H2-blocking medications 
 Subglottic suction-equipped endotracheal tubes 
 Daily sedation interruption with assessment of readiness 

to extubate (spontaneous breathing trial) 
 

VAP Diagnosis
At least THREE of: new or progressive 
infiltrate on chest radiograph, fever > 38.5 C, 
leukocytosis (>12000) or leukopenia (<4000), 
purulent tracheal secretions 
AND absence of post-traumatic or post-surgical 
causes for any of the above 
AND >104 CFU of a single predominant 
organism obtained via BAL 

 
Microbiologic Diagnosis 
 Bronchoalveolar lavage (BAL), either clean catheter 

lavage or via bronchoscopy, should be performed prior to 
initiation of antibiotics 

 Sputum samples have high error rates and should NOT be 
used in diagnosis of VAP 

 

Low Risk
 ICU stay ≤4 days 
 
Empiric Antibiotics: 

Ertapenem 
  1 gm IV Qday 
 
 
High Risk 
 ICU stay ≥5 days 
 Recent antibiotics 
 Recent hospitalization 
 Resides in healthcare facility 
 
Empiric Antibiotics: 

Vancomycin 
  Per pharmacy dosing 
           AND 

Piperacillin-Tazobactam 
  4.5 gm IV Q6  
  or extended dosing per pharmacy 
 
Alternative: 

Linezolid 
  For patients in renal failure 
600 mg IV/PO Q12 

 
 
References 

Koenig SM, et al. Ventilator-associated pneumonia: diagnosis, treatment, and prevention. Clin Microbiol Rev 2006;19:637-57. 

Bird D, et al. Adherence to ventilator-associated pneumonia bundle and incidence of ventilator-associated pneumonia in the surgical intensive 
care unit. Arch Surg 2010;145:465-70. 

Patel CB, et al. Trauma-associated pneumonia in adult ventilated patients. Am J Surg 2011;202:66-70. 

AAST VAP Investigators. VAP rates at major trauma centers compared with a national benchmark. J Trauma 2012;72:1165-73. 

Quick JA, Breite MD, Barnes SL. Inadequacy of algorithmic ventilator-associated pneumonia diagnosis in acute care surgery. Am Surg 
2018;84(2):300-304. 



 
 
 

82  |   Section III   |   Pulmonary    

 

 

Inhalational Injury 
 
 
Inhalation injury manifests as a progressive respiratory dysfunction early after inhaling smoke and 
potential irritating/toxic products of incomplete combustion of household or industrial materials. 
Inhalation injury is rarely caused by thermal burns. The presence of inhalation injury is an important 
determinant of morbidity and mortality following thermal injury.  There are 3 types to consider: 
supraglottic injury, otherwise known as upper airway injury, infraglottic injury, i.e. the classic “inhalation 
injury,” and metabolic or systemic toxicity. 
 
 Risk factors or concerning signs/symptoms of inhalational injury 

o Closed-space fire 
o Altered mental status 
o Extensive facial burns  
o Burns inside mouth or around the mouth (look for singed nasal vibrissae)  
o Significant edema or risk for edema (large burns requiring significant IV fluid resuscitation)  
o Signs of airway obstruction including: dysphagia, hoarseness, stridor, voice changes 
o Use of accessory respiratory muscles  
o Panicked appearance 
o Presence of dark “carbonaceous” sputum 

 Management 
o Intubate early, orotracheal route preferred. 
o Confirm with bronchoscopy 

 Begin nebulizer heparin/acetylcysteine Powerchart order set. 
 Ensure “lung-protective” ventilatory strategy. 

o Suspected CO poisoning  
 Confirm and maintain 100% FIO2 until CO level cleared (<5%). 

o Cyanide toxicity 
 Persistent metabolic acidosis and hemodynamic instability in the face of otherwise 

adequate resuscitation parameters may suggest cyanide toxicity in appropriate 
clinical history patients. Treatment of suspected CN toxicity is empiric and consists 
of hydroxycobalmin (Cyano-kit) 5g administered once. 

o Recognize progression of lung parenchymal injury may take 48-72 hours to mature. 
o Inhalational injury may require additional resuscitation secondary to the inflammatory insult, 

but judicious use of fluids should be employed to limit iatrogenic pulmonary injury. 
 

Grade 0, 
No Injury 

Grade 1 
Mild 

Grade 2 
Moderate 

Grade 3 
Severe 

Grade 4 
Massive 

Carbonaceous 
deposits, erythema 
and edema absent 

Patchy erythema, 
minimal 
carbonaceous 
deposits 

Moderate 
erythema, deposits, 
bronchorrhea 

Severe 
inflammation, 
friable, copious 
deposits, 
obstruction 

Mucosal slough, 
necrosis, 
Endoluminal 
obliteration 
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Early Tracheostomy 
 
 
While no Level I evidence exists to show reduction in mortality, early tracheostomy has demonstrated 
multiple benefits in the care of critically-ill patients. 
 
 
Evidence 
 Early tracheostomy decreases the total days of 

mechanical ventilation 
 Early tracheostomy decreases the ICU LOS in patients 

with head injuries 
 Days of mechanical ventilation and LOS may be 

decreased in patients without head injury with early 
tracheostomy 

 Ventilator-associated pneumonia events may be 
decreased with early tracheostomy 

 
Criteria 
 PAO2 – PaO2 > 175mm Hg on day 2,  

without history of COPD 
 PaO2/FiO2 < 200 on day 2,  

without history of COPD 
 Glasgow Coma Score < 9 on day 2, 

not a result of sedation 
 
Factors to Consider Early Tracheostomy 
 Extensive facial fractures 

o Coordinate with Plastics/ENT 
 Spinal cord injury resulting in quadriplegia with 

respiratory muscle weakness 
o Consider NAVA to assess early 

 Severe ARDS 
 Severe multiply-injured patients with Chest AIS >3 
 

A-a Gradient 
[(760-47)×FIO2 – (PaCO2÷0.8)] – PaO2 
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27. Endocrine 
 

Management of Hyperglycemia in the Critically Ill 
 
Major changes to the way we view and treat hyperglycemia have come about in recent years. Previously, 
hyperglycemia was thought inconsequential in the acute phase of illness. However, the results of multiple, 
large-scale randomized trials showed clear benefits to achieving euglycemia. A large swing of opinion 
then occurred, with tight glucose control protocols becoming prevalent. As outcomes studies emerged 
following the paradigm shift, it became clear that hypoglycemia, resulting from attempts to achieve 
tighter control (80-120 mg/dL), was just as detrimental as elevated blood glucose levels, and was 
associated with higher mortality rates. Recent guidelines suggest a more conservative goal of 140-180 
mg/dL in order to avoid the harmful effects of hypoglycemia. 
 
General Principles 

 Limit dextrose-based IV fluids and high-carbohydrate enteral nutrition. 
 Glycemic goals of 140-180 mg/dL should be targeted. 

o Few patients benefit from tighter control 
o Attaining perioperative glycemic control decreases morbidity and mortality. 

IV Insulin Infusion 
 Patients receiving insulin infusion do not require a glucose source. 
 Most ICU patients should begin on an insulin infusion, as sliding scale insulin regimens provide 

little benefit, and less stable hyperglycemic control with NPO status or tube feeding. 
o Once a patient begins an oral diet, insulin infusion should be discontinued. 

Subcutaneous Insulin & Oral Hypoglycemics 
 Sliding scale insulin alone is rarely effective, long-acting insulins should be considered. 
 In patients with insulin resistance and metabolic syndrome, the standard sliding scale is often 

inadequate, and these patients frequently require a 1U:50-30 mg/dL correction ratio. 
 Correction doses should occur at times congruent with patient condition. 

o For example, Q4 hour glucose checks should coincide with Q4 hour insulin 
administration. 

 Oral hypoglycemics should be restarted when appropriate. 
 Caution restarting metformin, as it is associated with kidney injury and acid-base abnormalities. 

Periprocedural Medication Adjustment 
 The morning of a scheduled procedure: 
 Hold oral hypoglycemics and short-acting insulins  
 Continue long-acting insulin (glargine) at full-dose. 
 NPH dose should be halved. 
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Critical-Illness Related Corticosteroid Insufficiency 
 
 
Diagnosis 
 The incidence of acute adrenal insufficiency related to 

critical illness is unknown. Methods of testing, thresholds 
for diagnosis, and unwanted effects of glucocorticoid 
and/or corticosteroid therapy have made agreement 
among critical care physicians difficult. 

 There is no greater diagnostic benefit gained with free 
plasma cortisol or salivary cortisol levels. Random serum 
cortisol levels < 10 ug/dL should be utilized as a guide to 
the diagnosis of acute adrenal insufficiency. Higher levels 
of serum cortisol may also represent relative acute adrenal 
insufficiency in select patients. 

 ACTH (either high or low dose) stimulation testing is 
effective, but has been recommended against in recent 
Surviving Sepsis Guidelines. 

Treatment 
 There is no evidence that corticosteroids should be used in 

septic patients who are not in shock. 
 Corticosteroids (hyrdrocortisone) should be utilized in 

septic shock that is unresponsive to fluid and moderate-to-
high-dose vasopressor therapy. If refractory shock is 
present, administer hydrocortisone. 

 IV hydrocortisone <400 mg/day for ≥3 days at full dose – 
50-100 mg Q6 hours is recommended. 

 Hydrocortisone should be rapidly tapered off when 
vasopressors are no longer required.  

 ARDS 
o Hydrocortisone may have benefit in ARDS due to 

the anti-inflammatory effects, however, many 
patients in the SICU have clear contraindications 
to steroid administration. Therefore, steroids are 
not routinely recommended for ARDS in surgical 
and trauma patients. 

 Trauma 
o Evidence suggests worsened outcomes with 

corticosteroid administration following major 
trauma, and is not recommended. 

Hydrocortisone 
50 mg IV Q6 
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28. Nutrition 
Nutritional Support in the ICU 

 
Route 
 Enteral feeding should begin as soon as possible after admission, preferably within 48-72 hours. 
 A nasoenteral or nasogastric feeding tube should be inserted, with placement confirmed by KUB. 

o If attempts are unsuccessful, or patients do not tolerate gastric feedings, a trans-endoscopic 
nasojejunal feeding tube should be placed. 

 Patients who fail to tolerate ≥ 50% of their goal rate of enteral feedings by post-injury day 7 should 
have TPN instituted.  TPN should be weaned off as soon as > 50% of enteral feeding is tolerated. 

 
Timing 
 Enteral feedings should be instituted within 72 hours of admission. 
 Patients should be resuscitated from shock prior to initiation of direct small bowel feedings. 
 ANY PATIENT UNDERGOING A LAPAROTOMY FOR TRAUMA SHOULD HAVE DIRECT 

SMALL BOWEL FEEDING ACCESS OBTAINED (Nasojejunal, gastrojejunal, jejunostomy). 
 Patients with severe CNS injury who do not tolerate gastric feedings within 48 hrs. should have post-

pyloric access obtained. 
 
Site 
 Patients receiving gastric feedings have equivalent outcomes to those fed in the duodenum, thus an 

initial attempt at gastric feeds is warranted. 
 Those at high risk of pulmonary complications due to gastroparesis or reflux should receive feedings 

into the jejunum. 
 
Goals 
 Goal protein delivery is approximately 1.2 – 1.5 gm/kg/day IBW. 
 Protein requirements in trauma patients may be as high as 2.5 gm/kg/day IBW. 
 Intravenous lipid or fat intake should remain at or below 30% of total calories. 
 
Monitoring 
 Nitrogen balance calculation is the gold-standard of measuring nutritional support. 
 Serum pre-albumin may correlate with nitrogen balance in trauma patients. 
 Levels are currently checked weekly (Monday) in the SICU. 
 Caution: Refeeding syndrome, observe for abrupt changes in potassium, magnesium and phosphorus. 

If this occurs, feeds should be slowed or stopped and aggressively replace electrolytes. 
 
Supplement 
 Exact doses and length of treatment have not yet been determined. 
 No decrease in the specific endpoint of mortality has been demonstrated. 
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Calculation of Nutritional Needs 
 
 Use actual body weight (ABW in kg) unless patient is obese or morbidly obese  
 For BMI >30, use ideal body weight (IBW in kg) adjusted for height calculated as follows:  

o For male, start with 48 kg and add 2.7 kg for each inch over 5' in height.  
o For female, start with 45 kg and add 2.3 kg for each inch over 5' in height.  

 
Determine protein and caloric needs 

Non-Stress 
25 kcal/kg/day 

0.8-1 gm/kg/day protein 

Major Surgery 
25-30 kcal/kg/day 

1.2-1.5 gm/kg/day protein 

Major Trauma & Sepsis 
30-35 kcal/kg/day 

1.5-2 gm/kg/day protein 

Severe Burns 
35-45 kcal/kg/day 

2-2.5 gm/kg/day protein 

Torso Trauma 
30-35 kcal/kg/day 

1.5-2 gm/kg/day protein 

Severe TBI (GCS<8) 
30 kcal/kg/day 

1.5-2 gm/kg/day protein 

Cord Injury- Paraplegic 
22-24 kcal/kg/day 

1.5-2 gm/kg/day protein 

Cord Injury- Quadraplegic 
20-22 kcal/kg/day 

1.5-2 gm/kg/day protein 

BMI 30-40 
11-14 kcal/kg/day admit wt 
2gm/kg IBW/day protein 

BMI 40-50 
11-14kcal/kg admit wt, or 
22-25kcal/kg IBW/day 

2.5gm/kg IBW/day protein 

BMI >50 
22-25kcal/kg IBW/day 

2.5gm/kg IBW/day protein 

 
Adjust protein for specific disease states 

Hepatic Failure 
No restriction 

Non-dialysis Renal Failure 
1.2-2 gm/kg/day protein 

Dialysis (type dependent) 
1.5-2.5 gm/kg/day protein 

 
Determine nutritional constituent fraction  

& formulate nutrition as appropriate 
Protein/Amino Acids 

4 kcal/gm 
15-30% Daily caloric need 

Dextrose 
3.4 kcal/gm 

30-70% daily caloric needs 

Fat/Lipids 
10 kcal/gm 

15-25% daily caloric needs 
 
Tips 
 Enteral nutrition is always preferred to TPN. 

o Decreased complications (infectious, mechanical, biliary stasis, hyperglycemia, etc). 
 TPN dosing should be hypocaloric for the first week of administration (80% of estimated energy 

needs) with adequate protein.  Lipid should be held for the first week of therapy.   
o IVFE use is recommended at 100gm per week (50gm bag 2x/wk) after the first week of 

therapy if there is concern for essential fatty acid deficiency. 
 Overall feeding volume will vary from patient to patient and no specific guideline for volume needs 

can be written that includes the multiple variables present. 
o Individualize volume requirements as necessary. 

 Changes to TPN will not take effect until the next bag is mixed, typically 12-18 hours later.   
o When immediate effects are necessary, use other means.  
Electrolytes should be replaced outside of TPN. 
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Periprocedural Fasting Guidelines 
 
The risk of aspiration seems to correlate poorly with gastric residual volume or clinical signs of enteral 
nutrition intolerance.  Unnecessary fasting may occur, leading to delivery of less than 50% of 
recommended daily caloric needs.  Understanding the vital importance of adequate caloric delivery to the 
traumatically injured and critically ill population, the following guideline was developed. 
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 Patients with uncuffed tracheostomy tubes or non-ventilated ICU patients: 
 For all procedures involving general anesthesia, sedation with monitored anesthesia care, regional 

blocks or epidural analgesia, stop enteral nutrition 6 hours prior to planned procedure. 
 Resume enteral nutrition upon completion of procedure unless otherwise directed by surgeon. 
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Patients with a cuffed endotracheal or tracheostomy tube in place: 
 Stop enteral nutrition 2 hours prior to planned anesthesia if GASTRIC access. 
 Flush enteral feeding tubes with 50 mL saline to prevent occlusion. 
 Aspirate residual fluid from gastric tubes and flush with 50 mL saline. 
 Resume enteral nutrition upon completion of procedure unless otherwise directed by surgeon. 
 Enteral nutrition can continue without interruption if the patient has DIRECT SMALL BOWEL 

access and the planned procedure does not specifically involve the GI tract. 

S
p

e
c
ia

l 
S

it
u

a
ti

o
n

s Open tracheostomy or cases requiring prone positioning: 
 Stop enteral nutrition 6 hours prior to planned anesthesia. 
 Flush enteral feeding tubes with 50 mL saline to prevent occlusion. 
 Aspirate residual fluid from gastric tubes and flush with 50 mL saline. 
 Resume enteral nutrition upon completion of procedure unless otherwise directed. 
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Elective bedside ICU procedures: (with surgeon-administered moderate or deep conscious sedation) 
 Stop enteral nutrition 2 hours prior to planned anesthesia. 
 Flush enteral feeding tubes with 50 mL saline to prevent occlusion. 
 Aspirate residual fluid from gastric tubes and flush with 50 mL saline. 
 Resume enteral nutrition upon completion of procedure unless otherwise directed. 
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To prevent complications of hypoglycemia, consider holding intensive insulin therapy when enteral 
nutrition is held for operative procedures.  Frequent point-of-care glucose testing may be required in 
the operating suite for poorly controlled patients.  Communication between the SCC team and 
anesthesia is vital. 
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Maintenance of Enteral Feeding Access 
 
Maintenance Guidelines 
 Secure nasoenteric tubes with tape or with bridles. 
 Secure PEGs and transabdominal tubes with a tape 

mesentery. Direct the tube away from the patient’s hands. 
 Use abdominal binders on all patients with 

transabdominal tubes to prevent dislodgment. 
 Routinely flush with 20 mL of sterile water (or NS as 

required) before/ after medication administration. 
Consolidate medication administration times to avoid 
large amounts of flush contributing to daily intake. 

 Flush with 30 mL of sterile water (or NS as required) 
following cessation of feeding for any length of time. 

 Document the amount of feeding actually received. 
 Utilize liquid medications whenever possible. 
 Medications labeled SA, EES, SL, XL, EC, LA, MT 

should never be crushed or dissolved. 
 Follow pharmaceutical guidelines related to medication 

preparation and administration. 
 Ensure medications are administered via the correct tube. 

Many patients will have both gastric and jejunal tubes. 
Ensure these tubes are properly marked and identified. 

 
Common Malfunctions & Causes of Issues 
 Infrequent or inadequate flushes. 
 Medications (calcium, inadequately crushed medications, 

medications added to tube feeding formulas) are common 
causes of malfunction and obstruction. All medications 
require flushing following administration.  

 Do not aspirate small-bore feeding tubes (Corpak), as 
they may collapse and clog. 

 Feeding rates <50 mL/hr may result in obstruction. 
 High-protein feeding formulas and protein supplements 

are more prone to clogging. 
 Silicone (Corpak) tubes are more prone to clogging than 

polyurethane (NG) tubes. 
 Tubes may kink if improperly secured. 
 
Confirming Tube Placement 
 Auscultation is inadequate. Xrays should be performed to 

ensure proper positioning prior to feeding. 

Flushing Regimen: 
20 mL Q4 standard flush rate 
 
20 mL before and  
after medication administration 
 
5 mL between medications when 
multiple medications are administered 
at the same time 
 
*Standard flush with sterile water. 
  Normal Saline may be utilized  
  dependent upon sodium balance. 
 
Troubleshooting 
Guidelines: 
1. Flush warm water or Coca-Cola®. 
2. Allow this to remain in the 

clamped tube for 15-30 minutes, 
then attempt to aspirate and flush. 

3. If this fails, ensure all other ports 
are closed, and use calculated 
force to flush the tube open using 
a 3-5 mL syringe of saline, when 
not contraindicated.  

4. Re-insertion of the Corpak stylet 
is ill-advised, as perforation and 
mucosal injury may result.  

5. Tube replacement should be 
reserved as a last-resort method. 

 
Timelines: 
1. PEG tubes may not be removed 

prior to 6 weeks without faculty 
approval. Prior to this may require 
laparotomy and each instance 
should be taken seriously. 

2. Stamm gastrostomy and 
jejunostomy tubes may be 
removed earlier than 6 weeks at 
faculty discretion. 
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Electrolyte Replacement 
 
Critically low electrolyte values certainly have negative consequence and should be addressed. 
 
Calcium Replacement (normal iCa 1.12 – 1.30 mmol/L) 

 Calcium gluconate IV 
iCa 1.09-1.13 – infuse 1 g and repeat lab in AM 
iCa 1.04-1.08 – infuse 2 g and repeat lab 1 hour after infusion completed or next AM 
iCa 0.99-1.03 – infuse 3 g and repeat lab 1 hour after infusion completed 
 

Magnesium Replacement (normal iMag 0.43 – 0.61 mmol/L) 
 Magnesium sulfate IV 

 iMag 0.35-0.44 – infuse 2 g and repeat lab in AM 
 iMag < 0.35 – infuse 4 g and repeat lab 1 hour after infusion completed 
 Magnesium oxide 400-800 mg PO once 
 
Potassium Replacement 

 Potassium chloride IV 
 K 3.2-3.6 – give 2 x 20mEq and repeat lab in AM 
 K 2.8-3.1 - give 3 x 20 mEq and repeat lab 1 hour after infusion completed 
 K 2.4-2.7 – give 4 x 20 mEq and repeat lab 1 hour after end of infusion 
 K < 2.4 – give 4 x 20 mEq, recheck lab 1 hour after end of infusion and reassess 

 Potassium chloride ORAL 
Potassium chloride 20 mEq powder packets or 20 mEq ER tablets 
K 3.2-3.6 – give 2 x 20 mEq and repeat lab in AM 
K 2.8-3.1 – give 3 x 20 mEq and repeat lab in 6 hours or in AM 
K 2.4-2.7 – give 4 x 20 mEq and repeat lab in 6 hours or in AM 
K < 2.4 – give 4 x 20 mEq and repeat lab in 6 hours and reassess 

 
Phosphorus Replacement 

 Potassium phosphate IV (each 3 mmol of phosphorus comes with 4.4 mEq potassium) 
Phos 2.1-2.7 mg/dl – give 15 mmol over 6 hours, repeat lab in AM 
Phos 1.6-2.0 mg/dl – give 30 mmol over 6 hours, repeat lab 1 hour after infusion or in AM 
Phos 1.0-1.5 mg/dl – give 39 mmol over 6 hours, repeat lab 1 hour after infusion or in AM 
Phos < 1.0 – give 39 mmol over 6 hours, and repeat lab 1 hour after infusion 
Do not use if K > 5 

 Sodium phosphate IV 
Phos 2.1-2.7 mg/dl – give 15 mmol over 6 hours, repeat lab in AM 
Phos 1.6-2.0 mg/dl – give 30 mmol over 6 hours, repeat lab 1 hour after infusion or in AM 
Phos 1.0-1.5 mg/dl – give 39 mmol over 6 hours, repeat lab 1 hour after infusion or in AM 
Phos < 1.0 – give 39 mmol over 6 hours, and repeat lab 1 hour after infusion 
Do not use Sodium Phosphate if serum sodium is > 145 mmol/L 

 Potassium phosphate/sodium phosphate PO (NeutraPhos Powder) 
Phos 2.1-2.7 - give 2 packets and repeat lab in AM 
Phos 1.6-2.0 - give 2 packets Q 12 hours x 2 doses and repeat lab in AM 
Phos 1.0-1.5 - give 2 packets Q 8 hours x 3 doses and repeat lab in AM 
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29. Gastrointestinal 
 

Small Bowel Obstruction 
 
Small bowel obstruction is a common entity that frequently resolves without surgical intervention. Patient 
selection and timing of operation is critical to achieving excellent patient outcomes.  
 
Etiology 
 Adhesions from previous operations – most common 

 Hernia 

 Neoplastic processes 

 Inflammatory and infectious processes 

 Volvulus 

 
Diagnosis 
 Plain films may offer important screening information (i.e. paucity of distal gas, air-fluid levels, 

pneumatosis intestinalis, dilated bowel loops) they however lack sensitivity and specificity as to the 
etiology and severity of the process involved. Therefore a CT scan is recommended in all patients 
with proposed bowel obstruction with IV and PO/PT contrast to aid in decision making. 

o Closed loop obstructions, “swirl signs,” ascites, pneumatosis and free air present on CT scan 
very often require urgent surgical treatment. 

 After 48 hours of conservative management, a Gastrografin small bowel follow-through should be 
obtained, as it is diagnostic and often therapeutic. 

 
Management 
 Patients with generalized peritonitis, fever, leukocytosis, tachycardia and metabolic acidosis should 

undergo operative management. 
 Lacking the above signs and symptoms, most patients may undergo a trial of conservative 

management for 48 hours: 
o NPO, NG decompression, electrolyte replacement, fluid resuscitation, ambulation 

 If conservative management has failed at 48 hours from admission, obtain a water-soluble 
(Gastrografin) contrast small bowel follow-through. 

o Contrast fails to pass = operation 

 Generally, surgery is indicated for patients that fail to progress beyond 72 hours. Early intervention 
has been shown to improve outcomes. 
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Abdominal Compartment Syndrome 
 
The abdominal cavity is a single cavity and change in the volume of contents will elevate abdominal 
pressures. Abdominal Compartment Syndrome is a condition in which the increased pressure in the 
anatomic space results in pathophysiologic organ dysfunction. Undetected increases in abdominal 
pressure have the potential to be life-threatening. 
 
Etiology 
 Hemorrhage – surgical, coagulopathic, post-resuscitation 

 Visceral edema – sepsis, ileus, obstruction, ischemia 

 Visceral distension – toxic megacolon 

 Iatrogenic – resuscitation, MTP 

 
Physiologic Consequences 
 Pulmonary – decreased compliance, hypercarbia, hypoxia, 

pulmonary hypertension 
 Cardiac – decreased venous return, ventricular 

compliance and cardiac output, tachycardia  
 Renal – hypoperfusion and failure 
 Neurologic – increased ICP 
 Gastrointestinal – ischemia, thrombosis 
 
Diagnosis 
 Pressure measurement alone does not coincide with the 

diagnosis of abdominal compartment syndrome. 
 Abdominal compartment syndrome is a clinical diagnosis, 

and may be present at lower pressures than 25 mmHg. 
However at greater than 25 mmHg it is much more likely 
to be present. 

 Normal = 0 mmHg 
 Intraabdominal Hypertension 

o Grade I = 12-15 mmHg 

o Grade II = 16-20 mmHg 

o Grade III = 21-25 mmHg 

o Grade IV = >25 mmHg 
 

Technique to measure 
abdominal pressure: 
 
1. Place patient in supine position. 
2. Clamp tubing of urinary catheter 

distal to sampling port. 
3. Clean sampling port. 
4. Attach 18 gauge needle to 

pressure transducer (ie. arterial 
line or CVP) tubing and insert into 
catheter sampling port. 

5. Instill 60 mL saline into the 
bladder. 

6. Level and zero the transducer at 
the symphysis pubis.  

7. Measure abdominal pressure at 
end expiration (please note that 
the intra-abdominal pressure 
waveform is a relatively flat line 
with excursion that corresponds to 
respiratory cycle). 

8. Record results. 
9. Subtract saline instilled into the 

bladder from urine output. 
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Gastrointestinal Prophylaxis 
 
 
Background 
 Patients with emergent admission, mechanical ventilation, 

TBI and burns are at increased risk for hemorrhagic 
gastritis. 

 Overall incidence is low, near 2% for all patients. 
 H2 blockers have the advantage of lesser cost, fewer side 

effects, less GI hemorrhage and fewer incidences of 
pneumonia and C. difficile infections, compared to PPI 
therapy. 

 
GI Prophylaxis Indications 

 Mechanical ventilation 
 Coagulopathy 
 Major trauma or burn 
 TBI or CVA 
 History of peptic ulcer disease 
 NSAID use 
 Age >65 

 
Route 

 Enteral (PO) administration is preferred. 
 Reserve IV administration for active GI hemorrhage 

or intolerance to enteral nutrition. 
 
Duration 

 Discontinue GI prophylaxis when patients are 
tolerating enteral feedings and has liberated from 
mechanical ventilation. 

 

Standard GI Prophylaxis:

Famotidine (Pepcid) 
20 mg IV/PO/PT Q12 
 
Alternate GI Prophylaxis: 

Pantoprazole 
40 mg IV/PO Qday 
 
GI Hemorrhage: 

Pantoprazole 
80 mg IV Bolus x1 followed by 
40 mg/50 mL Infusion at 10 mL/hr 
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Evaluation & Management of Constipation 
 
 
Definition 
 No bowel movement for 3 days 
 
Evaluation & Management 
 Limit or remove inciting agents as applicable, such as 

anticholinergics, opiates, and others. 
 Ambulation is an essential part of managing constipation. 
 Chewing gum has Level I evidence to support 

improvement and early return of bowel function. 
 Ensure obstruction is not present 
 Perform rectal examination to evaluate for impaction 

o Manually disimpact as much stool as possible 
o Repeat rectal examination Q4 x 24 hours 

 If no impaction present 
o Add cathartics or enemas to bowel regimen 

 
Opioid-Induced Constipation 

 High levels of narcotic use are common in the post-
operative and multitrauma setting, and contribute to 
constipation. 

 Methylnaltrexone (Relistor®) 12 mg SC dose has 
shown benefit in relieving constipation without 
compromising pain control and should be considered. 

 

Initial Management 

Docusate 
100 mg PO/PT Q12 

Dulcolax 
10-20  mg Supp. PR Q12 
 
Additional Management 
Unabsorbed sugars: 

Polyethylene Glycol (Miralax) 
17-34 gm PO/PT Q24-Q12 

Lactulose 
15-30 mL PO/PT Q24-Q12 
 
Salts 

Milk of Magnesia 
15-30 mL PO/PT Q24-Q12 

Magnesium Citrate 
50-300 mL PO/PT Q24-Q12 
 
Emollients 

Mineral Oil 
15-30 mL PO/PT Q24-Q12 
 
Enemas 

Fleets Enema 
120 mL PR Q24 
 

SMOG Enema 
200 mL PR Once 
 
Opioid-Induced Constipation 

Methylnaltrexone 
12 mg SC x1 

References 

Nee J, et al. Efficacy of treatments for opioid-induced constipation: a systematic review and meta-analysis. Clin Gastroenterol Hepatol 2018 Jan 
25, epub ahead of print 

Schwenk ES, et al. The efficacy of peripheral opioid antagonists in opioid-induced constipation and postoperative ileus: a systematic review of 
the literature. Reg Anesth Pain Med 2017;42(6):767-777. 

Byrne CM, et al. Gum chewing aids bowel function return and analgesic requirements after bowel surgery: a randomized controlled trial. 
Colorectal Dis 2017 Oct 20, epub ahead of print. 

Beck DE. Evaluation and management of constipation. Ochsner J 2008;8:25-31.  



 
 

Gastrointestinal   |   Section III   |  95 

 

 

Evaluation & Management of Diarrhea 

 
Definition 
 >3 liquid stools/day or >500mL for 2 consecutive days 
 
Evaluation & Management 
 Discontinue prokinetics, cathartics, sorbitol-containing 

medications. 
 Consider changing tube feeding type or rate. Observe for 

temporal relationships. 
 Antibiotic therapy is closely linked with both infectious 

and non-infectious diarrhea. 
o Check C. difficile toxin 
o If positive: 

 Begin antimicrobial therapy (See Specific 
Antimicrobial Regimens) 

 Stop inciting antimicrobials where 
appropriate 

 Fluid resuscitation as necessary 
 Avoid anti-diarrheal medications 
 Initiate enhanced body substance 

precautions 
 Consider endoscopy or surgery if severe 

 No evidence of infectious cause? 
o Treat with anti-diarrheal medications 
o Add soluble fiber supplements 

 Stool cultures have no value in most inpatients 
 
 
 

C. difficile Infectious 
Diarrhea: 
See Specific Antimicrobial Regimens 
 
Toxic Megacolon or 
Toxic C. difficile: 
Early surgical intervention 
 
Anti-diarrheal Medications: 

Metamucil 
1 Packet PO Q12 or Q8 
 

Loperamide 
2-4mg PO Q8-Q6 
 

Lomotil 
1-2 tabs PO Q8-Q6 
 

10% Tincture of Opium 
0.6 mL PO Q6 
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Preoperative Bowel Prep 

 
 

Bowel Prep without Antibiotics 
 
Indications 

 Diagnostic studies, such as colonoscopy 
or barium enema 

 
Medications 

 Two (2) 238 gm bottles of polyethylene 
glycol (Miralax) 

 Two (2) bisacodyl (Dulcolax) tablets 
 Two (2) 64 oz Gatorade Ice (or other clear 

liquid) 
 
Day Prior to Procedure 

 Clear liquid diet. No solid or soft food. 
No dairy products. No red or purple 
liquids. 

 
Step 1: Begin at 1:00pm 

 Take two (2) bisacodyl (Dulcolax) tablets 
with 8 oz. of water. 

Step 2: Begin at 3:00pm 
 Mix first bottle of polyethylene glycol 

(Miralax) with first 64 oz. bottle of clear 
Gatorade. Drink 8 oz. of the solution 
every 15 minutes until finished. 

 Then mix second bottle of polyethylene 
glycol (Miralax) with second 64 oz. bottle 
of clear Gatorade. Drink 8 oz. of the 
solution every 15 minutes until finished. 

Step 3: Begin at midnight 
 NPO after midnight 

 
 
 
 

Bowel Prep with Antibiotics 
 
Indications 

 Colon surgery 
 
Medications 

 Two (2) 238 gm bottles of polyethylene 
glycol (Miralax) 

 Two (2) bisacodyl (Dulcolax) tablets 
 Two (2) 64 oz Gatorade Ice (or other clear 

liquid) 
 Three (3) tablets of Neomycin 1gm 
 Three (3) tablets of Erythromycin 1gm 

 
Day Prior to Procedure 

 Clear liquid diet. No solid or soft food. 
No dairy products. No red or purple 
liquids. 

 
Step 1: Begin at 1:00pm 

 Take two (2) bisacodyl (Dulcolax) tablets 
with 8 oz. of water. 

 Take 1gm of Neomycin and 1 gram of 
Erythromycin 

Step 2: Begin at 2:00pm 
 Take 1gm of Neomycin and 1 gram of 

Erythromycin 
Step 3: Begin at 3:00pm 

 Mix first bottle of polyethylene glycol 
(Miralax) with first 64 oz. bottle of clear 
Gatorade. Drink 8 oz. of the solution 
every 15 minutes until finished. 

 Then mix second bottle of polyethylene 
glycol (Miralax) with second 64 oz. bottle 
of clear Gatorade. Drink 8 oz. of the 
solution every 15 minutes until finished. 

Step 4: Begin at 10:00pm 
 Take 1gm of Neomycin and 1 gram of 

Erythromycin 
Step 5: Begin at midnight 

 NPO after midnight 
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30. Renal 
Acute Kidney Injury: Evaluation 

 
Acute kidney injury is extremely common, with up to 70% of critically-ill patients afflicted. Acute blood 
loss, hypotension, medications and IV contrast all contribute to acute renal injury. Prompt diagnosis and 
treatment are required to ensure return of function. 
 

Clinical Definition 
↑Creatinine >0.3 ↑Creatinine >50% Oliguria <0.5 mL/kg/hr x6 hr 

 

RIFLE Criteria of Acute Kidney Injury 
Category GFR Criteria Urine Output Criteria 

Risk 
10% Mortality 

↑Creatinine 1.5x baseline, 
or GFR↓ >25% 

<0.5 mL/kg/hr x6 hr 

Injury 
12% Mortality 

↑Creatinine 2x baseline, 
or GFR↓ >50% 

<0.5 mL/kg/hr x12 hr 

Failure 
27% Mortality 

↑Creatinine 3x baseline, 
or GFR↓ >75% 

<0.3 mL/kg/hr x24 hr 
or Anuric x12 hr 

Loss Persistent renal failure beyond 4 weeks 

ESRD Persistent failure beyond 3 months 

 
Etiology  
 Pre-renal: Hypovolemia, rhabdomyolysis, contrast nephropathy, cirrhosis, heart failure 
 Intrinsic 

o Acute tubular necrosis 
 Ischemia, inflammation, medications, contrast - Coarse granular casts present in UA 

o Acute interstitial nephritis 
 Inflammation, fever, rash - Eosinophilia, eosinophils present in UA 

 Post-renal: Obstructive uropathy, catheter malfunction 
 
Workup 
 FENa = (Naurine × Crserum) ÷ (Crurine × Naserum) × 100 

o Pre-renal <1%, Intrinsic >1%, Post-renal >3% 
o Fails to accurately characterize contrast and medication associations, furosemide and other 

confounders 
 FEUrea = (Ureaurine × Crserum) ÷ (Crurine × Urea(BUN)serum) × 100 

o Pre-renal <35% 
o Fewer confounding results, more reliable 
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Acute Kidney Injury: Management 
 
All too often, treatment of oliguria or acute kidney injury is manifest through large volume 
administration. Not all patients require volume administration. Accurate determination of volume status is 
crucial to treatment, and to avoid the deleterious effects of over-resuscitation. 
 

Volume status 
 First assess patient’s intravascular volume status. 
 Urine output is confounded by a variety of conditions, and is unreliable as a sole marker, but rather 

may be a component of the patient’s physiology, rather than an effect of hypovolemia. 
 Utilize FENa and FEUrea to determine pre- or post-renal causes. 
 
Volume replacement 
 Buffered crystalloids are likely the best available replacement fluid. 
 D5W has shown benefit as a fluid to combat the effects of IV contrast administration, however many 

acutely-injured and surgical patients are not candidates for large-volume dextrose-based IV fluid. 
 Albumin and synthetic colloids are associated with up to a three-fold increase in renal failure. 
 Blood products increase oxygen delivery, but are associated with worsened renal function. 
 Be cognizant of other sources of volume (antibiotics, tube feeds and other infusions) as they may 

skew the overall volume administered to a particular patient. 
 
Medications & Adjuncts 
 Diuretics have no evidence of benefit – neither in conversion of oliguric to non-oliguric renal failure 

or in the treatment of the underlying cause. 
 N-acetylcysteine has shown mixed results in treating contrast nephropathy, and is likely best when 

given prior to intravenous contrast. 
 Renal-dose dopamine has no benefit. 
 Avoidance of nephrotoxic medications likely provides the best course of action. 
 
Pearls 
 AKI can occur in the absence of hypotension. Oxidative stresses and inflammation are frequent 

causes that are unrelated to volume status. Assess volume status prior to large volume resuscitation. 
 Obtain UA and urine electrolytes. 
 BUN/Creatinine elevations occur late and are unreliable. 
 Renal ultrasound is rarely useful. 
 Therapies targeting inflammatory AKI are being developed. 
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Approach to Non-Gap Metabolic Acidosis 
 
A multitude of factors affect acid-base balance. Some are slowly variable, while others rapidly result in 
large fluctuations. Early recognition of acidosis, identification of the cause, and treatment targeted to 
normalize physiologic function is extremely important. Hypoperfusion, resulting in elevations in lactate, 
is the most common cause of high anion gap acidosis in post-operative and trauma patients. Non gap 
acidosis is typically secondary to crystalloid infusion, but in some cases further work-up is necessary. 
 
Non Gap Acidosis 

 Serum K+ should be obtained 
 Determine presence of chronic kidney disease 
 Determine urine acidification (UpH) 
 Determine urine estimated NH4

+ 
Serum Anion Gap 

 Identification of either a high anion gap, or a non-gap 
acidosis is the first step. 

o Anion gap = (Na+ + K+) – (HCO3
- + Cl-) 

 High anion gap (>20) (MU-based analyzers) 
 Gap decreases by 2.5 for every 1 gm/dL drop in 

albumin  
Urine Anion Gap 

 Normal urine anion gap: UNa+ + UK+ - UCl- = -20 to -50 
 Urine gap typically caused by NH4+ retention 
 Abnormal urine gaps become less negative, or more 

positive when there is impaired NH4
+excretion, such 

as in RTA (Distal or Proximal) 
 Impaired NH4

+ excretion coincides with failed 
acidification of urine, resulting in Urine pH >5.5. 

 NH4
+ excretion will be normal if acidosis is secondary 

to GI loss or iatrogenic hyperchloremia 
Urine Osmolal Gap 

 (2 x (Na+ + K+)) + (UUrea Nitrogen ÷ 2.8) + (UGlc ÷ 18) 
o Normal: 50-100 mEq/L 
o High: Non-renal cause of acidosis 
o Low: RTA (ie. Due to impaired NH4

+ 
excretion) 

 
 
 
 
 

Non-Gap Acidosis Causes
 Iatrogenic hyperchloremia 
 Renal tubular acidosis 
 High-output ileostomy 
 Diarrhea 
 Pancreatic fistula 
 Chronic kidney disease 
 Toluene intoxication 

 
Gap Acidosis Causes 

 Lactic acid 
 Ethanol 
 Uremia 
 Ketoacidosis 
 Paraldehyde 
 Salicylates 
 Metformin 
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Common Non-Gap Acidosis Causes & Work-up 
 

 
Serum 
HCO3- 

Serum K+ 
Ca2+ 

Excretion 
Urine Gap 

Urine 
Osmolal 

Gap 

Urine 
NH4+ 

Urine pH 

Iatrogenic 
↑ Cl- 

<24 Normal Normal 20-90 40-100 30-40 4.5-6 

Diarrhea <24 Low Normal -20 to -50 >200 >40 >5.5 

Ileostomy <24 
Normal  
to High 

Normal -20 to -50 >200 >40 >5.5 

Type 1 
RTA 

10-20 Low - Positive (>0) <100-150 <30 >5.5+ 

Type 2 
RTA 

12-18 Low Increased -20 to -50 >150 Normal <5.5 

Type 4 
RTA 

16-22 High Normal Positive (>0) <100-150 <30 <5.5 
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Renal Tubular Acidosis 
 
Maintaining acid-base balance is an important part of caring for critically-ill patients. Most often, post-
traumatic and surgical patients present with a gap acidosis, which is frequently secondary to lactate 
elevation or alcohol ingestion. For those patients with a normal anion gap, the diagnosis may often be 
attributed to iatrogenic hyperchloremia, diarrhea or ostomy losses. However, a small subset of patients 
will be acidotic and hypokalemic secondary to renal tubular acidosis. 
 

Distal (Type 1) RTA
Location: Impaired acidification of urine in the distal nephron 
Description: Distal RTA results in more profound acidosis as it occurs in the distal nephron, after 
bicarbonate has been resorbed. Protons are not excreted, and acidosis results.  

Causes Diagnosis Treatment 
Obstructive uropathy 
Hypovolemia 
Hyperparathyroidism 
Ibuprofen 
Ampho B 
Autoimmune disorders 

HCO3 <15 
Urine pH >5.3 
K+↓↑, Ca2+↓, Cl-↑ 
Urine gap high 
Urine Ca2+/Cr ratio increased 

Alkali therapy (1-2 meq/kg/day 
sodium bicarbonate or sodium 
citrate (Bicitra)) 
Hypokalemia usually requires 
no additional therapy 

Proximal (Type 2) RTA 
Location: Impaired HCO3 reabsorption in the proximal nephron 
Description: Less severe acidosis secondary to acidification of urine that occurs distal to the defect 
seen in Type 2 RTA. 

Causes Diagnosis Treatment 
Aminoglycosides 
Carbonic anhydrase inhibitors 
Vitamin D deficiency 
Inborn metabolic disorders 
 

HCO3 <20 
Urine pH <5.3 (usually) 
K+↓, PO4

3-↓ 
Urine gap normal 
Urine Ca2+/Cr ratio normal 

Alkali therapy (10-15 
meq/kg/day potassium citrate) 
Thiazide diuretics for refractory 
cases 

Hyperaldosteronism (Type 4) RTA 
Location: Decreased aldosterone secretion from the adrenal zona glomerulosa 
Description: Hypoaldosteronism results in hyperkalemia and usually a mild metabolic acidosis. 
Renin is typically normal or elevated, resulting in normotension. 

Causes Diagnosis Treatment 
Spironolactone 
ACE inhibitors, ARBs 
Heparin 
NSAIDs 

HCO3 >17 
Urine pH >5.3 (usually) 
K+↑, Ca2+↔ 
Urine gap high 
Urine Ca2+/Cr ratio normal 

Fludrocortisone 0.05-0.2 
mg/day 
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Management of Urinary Catheters 
 
 
Background 
 UTIs represent >30% of all nosocomial infections 
 75% of all inpatient UTIs attributed to catheters 
 Bacteruria risk 3-10% per day of catheter use 
 Daily catheter needs assessment should be performed 
 Remove catheters as soon as possible 
 
Indications for Urinary Catheters 
 Hemodynamic instability 
 Critical illness 
 Patient condition (sedated, intubated, immobility) 
 GU trauma 
 Spinal cord injury 
 Risk of wound soilage 
 Epidural analgesia 
 
Management of Urinary Catheters 
 Insert and leave catheters in place for appropriate 

indications 
 Assess need for catheter daily 
 Remove catheters as soon as possible 
 Document reason for catheter need daily 
 Keep urometer at level below the pelvis 
 
In & Out Catheterization 
 Urinary retention following surgery is common.  
 If failure to void is believed to be related to recent 

anesthesia, anticholinergic or opioid causes, a single in & 
out catheterization is a reasonable approach. 

o If still unable to void, insert a Foley catheter and 
consider Tamsulosin therapy. 

 If failure to void is believed to be a result of hypovolemia, 
insert a Foley catheter to aid in volume management 

 
 

Additional Adjuncts 
Texas catheter or condom catheters 
may be utilized in select patients. 
 
Adult diapers may be utilized in a 
small subset of patients who have 
long-standing, low volume 
incontinence, with attention to avoid 
maceration or development of 
wounds. 
 
HOUDINI Protocol 
Nursing will assess the need for 
urinary catheters daily. If none of the 
indications listed below are met, 
nursing will ask for an order to 
discontinue the catheter. There are 
specific indications outside this 
protocol that require urinary 
catheterization, and house staff should 
be aware of these patient conditions 
prior to discontinuing the catheter. 
 
H Hematuria 
O Obstruction 
U Urologic surgery 
D Decubitus ulcer, open wounds 
I I&O critical for management 
N No code, hospice, comfort care 
I Immobility 

 
 

 
 
References 

Guideline for prevention of catheter-associated urinary tract infections. Healthcare Infection Control Practices Advisory Committee. Centers for 
Disease Control 2009. 

Mohammadi-Fallah M, et al. Preventive effect of Tamsulosin on postoperative urinary retention. Korean J Urol 2012;53:419-423. 

Jeong IG, et al. Impact of tamsulosin on urinary retention following early catheter removal after robot-assisted laparoscopic radical 
prostatectomy: a prospective randomized clinical trial. Int J Urol 2014: 21:164-8. 



 
 

Hematologic   |   Section III   |  103 

 

 

31. Hematologic 
Chemoprophylaxis for Venous Thromboembolic Events 

 
 Obtain a careful patient and family history, with attention 

to bleeding complications or clotting disorders during 
previous injury/surgery. 

 Baseline laboratory values including PT, aPTT, and INR 
should be considered for all patients. 

 Mechanical VTE prophylaxis will be initiated for all 
patients at admission.  

 Thromboelastography (TEG) may be considered if 
coagulation function or medication effect is unknown 
prior to initiating chemoprophylaxis. 

 Specific patient populations may require changes in 
protocol-based chemoprophylaxis and are highlighted in 
the following sections.  

Standard Dosing: 

Enoxaparin (Lovenox®) 
30 mg SC Q12 
 
Alternate Dosing: 
CrCl ≤ 30 mL/min, IBW < 60 kg 

Unfractionated Heparin 
5,000 units SC Q8 
 
Morbid obesity IBW ≥ 100 kg 

Unfractionated Heparin 
7,500 units SC Q8 
 
Epidural 
Analgesia/Anesthesia 

Enoxaparin (Lovenox®) 
40 mg SC Qday or Unfractionated 
heparin 5000 SC Q8 until removed, 
then resume standard dosing 
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Coagulopathy & DVT Prophylaxis  
in Traumatic Brain Injury 

 
 
Coagulopathy and Brain Injury 
 PT, INR, PTT and fibrinogen should be obtained for all 

trauma patients 
 Alert I traumas should also have a TEG with platelet 

mapping obtained 
 Achieve goal INR <1.4 
 Achieve goal of LY30 <3% 
 Achieve goal of adequate platelet function 

o Need for platelet transfusion is controversial, thus 
qualitative platelet function assay evaluation has 
been eliminated from routine practice. 

 Confirm coagulopathy correction with conventional 
coagulation studies or TEG with platelet mapping 

 
DVT Prophylaxis 
SCDs to BLE on admission 
 Repeat head CT at 24 hours 
 Stable and INR ≤ 1.4, and platelet count ≥ 100 

o Begin chemoprophylaxis once CT completed 
 Increased hemorrhage or INR > 1.4, or platelets < 100 

o Hold chemoprophylaxis until stability reached 
o Duplex BLE within 72 hours 

 
 
 
 
References 

Foreman PM, et al. Chemoprophylaxis for venous thromboembolism in traumatic 
brain injury: a review and evidence-based protocol. Clin Neurol Neurosurg 
2014;123:109-16. 

Farooqui A, Hiser B, Barnes SL, Litofsky NS.Safety and efficacy of early 
thromboembolism chemoprophylaxis after intracranial hemorrhage from traumatic 
brain injury. J Neurosurg 2013;119:1576-82. 

Prevention of venous thromboembolism: 7th ACCP Conference on Antithrombotic 
and Thrombolytic Therapy. Chest 2004;126:3385-4005. 

Quick JA, Barnes SL. Correct coagulopathy quickly and effectively. Lancet 
2015;385:2024-6. 

Quick JA, et al Less is more: low-dose PCC effective in acute care surgery patients.. 
Am Surg 2015;81:646-50. 

Standard 
Chemoprophylaxis: 

Enoxaparin (Lovenox®) 
30 mg SQ Q12 
 
Alternate Chemoprophylaxis: 
BMI >35, Renal insufficiency,  
or BMI<20 

Heparin 
5000 units SQ Q8 
 
 
Coagulopathy Treatments: 
INR 1.5-5 

 PCC (Bebulin) 
15IU/kg IV x1 

 FFP 
15 mL/kg 

 
INR >5 

 PCC (Bebulin) 
30IU/kg IV x1 

 FFP 
30 mL/kg 

 
LY30 > 3% 

 TXA (Tranexamic Acid) 
1gm IV over 10 minutes, 
followed by 1gm IV over 8 
hours 

 
Platelet Inhibition 

 Platelets 
1 unit apheresis platelets 

  



 
 

Hematologic   |   Section III   |  105 

 

 

DVT Prophylaxis in Spine Injury 
 
 
Background 
 Traumatized patients are at higher risk for development 

of thrombotic complications. 
 Closed-space operations, such as spinal decompression 

and fixation, are associated with a higher-risk of bleeding 
complications, thus DVT chemoprophylaxis is 
controversial and guidelines differ from trauma patients 
without spine injury. 

 Associated cord injury increases the risk of DVT and 
requires duplex surveillance. 

 

Standard 
Chemoprophylaxis: 

Enoxaparin (Lovenox®) 
30 mg SQ Q12 
 
Alternate 
Chemoprophylaxis: 
BMI >35, Renal insufficiency, or 
BMI<20 

Heparin 
5000 units SQ Q8 
 

 

Non-operative Spine Injury,
WITHOUT Cord Injury 

Non-operative Spine Injury,
WITH Cord Injury 

 SCDs to BLE on admission. 
 Standard or alternate chemoprophylaxis to 

begin on admission or when appropriate, 
considering other injury patterns or risk of 
hemorrhage. 

 

 SCDs to BLE on admission. 
 Standard or alternate chemoprophylaxis to 

begin at 24 hours or when appropriate, 
considering other injury patterns or risk of 
hemorrhage. 

 Duplex BLE within 72 hours, weekly 
thereafter. 

 
Operative Spine Injury,
WITHOUT Cord Injury 

Operative Spine Injury,
WITH  Cord Injury 

 SCDs to BLE on admission. 
 Standard or alternate chemoprophylaxis to 

begin at 24 hours or when appropriate, 
considering other injury patterns or risk of 
hemorrhage. 

 Hold PM chemoprophylaxis the night before, 
and the AM dose the day of surgery. 

 Restart chemoprophylaxis 12 hours after drain 
removal, or 96 hours post-operatively if no 
drain was utilized. 

 Duplex BLE within 72 hours, weekly 
thereafter. 

 SCDs to BLE on admission. 
 Duplex BLE within 72 hours, weekly 

thereafter. 
 Chemoprophylaxis initiation per Spine 

attending surgeon. 
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Extended DVT Prophylaxis Guidelines 
 
Current evidence suggests some patient populations benefit from extended chemoprophylaxis at discharge 
to decrease the risk of thromboembolic events. Use the scoring system below to determine the need for 
extended prophylaxis, taking care to be cognizant of coincident medications and physiologic states. 

Risk Factor 
Median 

Odds Ratio
ACS Risk 
Score 

BMI 30-39 kg/m2 1.485 1 

Current smoker 1.085 1 

Diabetes requiring medication 1.055 1 

Family history of thrombosis 2.7 1 

CHF 1.86 1 

COPD 1.89 1 

Inflammatory bowel disease 1.79 1 

Age > 60 2.26 2 

BMI > 40 1.725 2 

Hypercoagulability - Acquired or Hereditary 2.35 2 

Lower Extremity Definitive Fixation 2.265 2 

Lower extremity fracture 2.19 2 

Mechanical Ventilation (>3days) 2.1 2 

Total OR Time >2 hours or ≥2 Operations 2.3 2 

Transfusion ≥4 units PRBC 2.49 2 

Vertebral body fracture 2.3 2 

ISS 17-25 4.56 2 

Cancer, active 3.44 3 

Hypotensive on Arrival (SBP<80) 3.38 3 

ISS >25 6.71 3 

Spinal cord injury 2.7 4 

History of DVT/PE 4 4 

Laparotomy 4.45 4 

Major vascular injury/operation 6.33 8 

Pelvic Fracture (Operative) 2.09 10 

Staged Lower Extremity Repair (ie. ex-fix) 3.85 10 

Hip Fracture Surgery 8 10 

Non-Weight Bearing Bilateral Lower 
Extremities 

7.64 10 

Total Hip Arthroplasty 14.34 10 
 

Total Score ≥ 8 

Requires 28 days of 
chemoprophylaxis 
post-discharge 
 
Preferred: 

Enoxaparin 
(Lovenox®) 
40 mg SQ QDay 
x 28 days 
 
Weight-based dosing if  
<60kg or BMI >40 
 
 
Serum Cr >1.5 or CrCl < 
30mL/min: 

Rivaroxaban 
(Xarelto®) 
10mg PO Qday 
x 28 days 
 

Enoxaparin 
(Lovenox®) 
30 mg SQ QDay 
x 28 days 
 
Each patient’s medications 
should be reviewed, with 
particular attention to 
concomitant antiplatelet 
use, as extended 
prophylaxis may be 
inappropriate. 
 

 

Scoring derived from meta-analysis of 68 publications listed on the following pages. Despite high scores, 
not all qualifying patients should have extended prophylaxis. Discuss with faculty prior to initiation.
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Extended DVT Prophylaxis: Aspirin 
 
Aspirin therapy is both commonly taken pre-admission, and commonly prescribed post-discharge. Aspirin 
only has not been specifically recommended as the sole medication for DVT/PE prophylaxis, primarily 
due to the availability of more efficacious medications. However, ASA has been shown to be effective, 
although quality studies are limited. Combination therapies (ASA+other anticoagulants) have increased 
risk of clinically-significant bleeding, further complicating the scenarios of a small subset of patients who 
will be discharged with ASA and who also meet the above requirements for extended DVT prophylaxis. 
For these patients, careful consideration should guide prescribing practice, including the presence of 
concomitant injuries and recent surgical procedures, to limit major, and potentially life-threatening 
hemorrhage after discharge. 
For patients that qualify for extended DVT prophylaxis, aspirin 81 mg only should be considered in: 

 Traumatic brain injury with intracranial hemorrhage, with >0.5 cm midline shift, or brainstem 
hemorrhage. 

 Age > 65 with any non-weight-bearing extremity, due to fall risk 
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Heparin Infusion for Therapeutic Anticoagulation 
 

Thromboembolic events can result in significant patient morbidity and mortality if not properly treated. 
Acutely-injured patients are at high risk for thrombotic events, even when trauma-induced coagulopathy 
is present. Similarly, patients undergoing major operations, especially those immobilized in the intensive 
care unit, are also hypercoagulable.  The institution has an existing Powerplan to address heparin infusion, 
utilizing the Unfractionated Heparin Assay. When this assay is inappropriate, due to the complexities of 
acutely-injured and post-surgical patients, the PTT is favored. The Low-Intensity Heparin Nomogram is 
also available in an automated Powerplan. 
 
When to utilize physician-dosed heparin infusion 

 Discussion with faculty regarding PTT goals is essential, and should occur prior to initiation of 
heparin infusion to discuss risks and benefits. 
 Examples include: 

 Recent operation 
 Recent closed space hemorrhage 
 Intracranial hemorrhage 
 Pelvic hemorrhage or hematoma 
 Further planned procedures 

 
Sample heparin infusion guideline 
The following table can be used as a guide to changing heparin infusion dose. The entire clinical picture 
must be kept in mind and a thoughtful plan should be initiated. Proceeding with physician-based dosing 
requires attention to detail and vigilance to avoid untoward events. 
 

 Heparin Infusion Concentration: 100 units/mL (25,000 units/250 mL) 
 Heparin Bolus Concentration: 1000 units/mL IV Push  *Use with caution* 

 
 Prior to beginning infusion:  

 Draw PT, PTT, INR, CBC if not completed recently. 
 Discontinue other anticoagulants (ie.UFH or enoxaparin) 
 Determine goal PTT, typically 1.5-2x baseline (40-60 or 60-80 are common goals) 
 Do not routinely bolus. Check with faculty prior to initiation. 

 
 During infusion: 

 Obtain PTT Q6 until 2 results within range without dosing adjustment 
 

PTT Goal 40-60 Goal 60-80  
Start 12 units/kg/hr 14 units/kg/hr 
<30 +2 units/kg/hr +3 units/kg/hr 
35-40 +1 units/kg/hr +2 units/kg/hr 
40-60 No change +1 units/kg/hr 
60-80 Hold 60 minutes, and -1 units/kg/hr No change 
80-100 Hold 90 minutes, and -2 units/kg/hr Hold 60 minutes, and – 2 units/kg/hr 
100+ Hold 120 minutes, and -3 units/kg/hr Hold 90 minutes, and – 4 units/kg/hr 
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Urgent or Emergent Anticoagulation Reversal 
 
 
 Oral anticoagulants are being used with an increasing 

frequency, for a variety of medical indications. 
 Various pharmacologic adjuncts are available for reversal 

in the urgent or emergent setting, but must be 
administered as part of a standardized approach to the 
anticoagulated trauma patient. 

 Blood components (plasma) may be used for urgent 
reversal, pharmacologic agents for emergent reversal or in 
those situations where blood components are unavailable 
or carry elevated risk. 

 Prothrombin complex concentrate is the treatment of 
choice for warfarin reversal. 

 4-Factor PCC or FEIBA are the current treatments of 
choice for the NOACs, except dabigatran (Pradaxa) for 
which idarucizumab should be utilized. 

 Coagulation studies and/or thromboelastography should 
be checked 1 hour after administration to determine affect 
(or need for repeat dosing). 

 Once stable for discharge, use a validated risk assessment 
tool to determine need for continuing antiplatelet or 
anticoagulant medications. 
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Trauma-induced 
coagulopathy: 

PCC (Bebulin®) 
INR < 5: 15 units/kgINR ≥ 5: 30 
units/kg 
 
Hypovolemia + Trauma-
induced coagulopathy: 

PCC (Bebulin®) 
INR < 5: 15 units/kg 
INR ≥ 5: 30 units/kg 
AND 
15-30 mL/kg FFP 
 
Warfarin reversal: 

4-Factor PCC (Kcentra®) 
INR 2-3.9: 25 units/kg 
INR 4-5.9: 35 units/kg 
INR >6: 50 units/kg 
 
Rivaroxaban, Apixaban 
Reversal: 

4-Factor PCC (Kcentra®) 
50 units/kg 
 

FEIBA 
50 units/kg IV once 
 
Dabigatran Reversal: 

Idarucizumab (Praxbind®) 
5 gm IV (single or divided into two, 
2.5 gm doses) 
Consult pharmacy for use and 
institutional guidelines. 
Consider hemodialysis with 
dabigatran and CrCl < 30 

 



 
 
 

112  |   Section III   |   Hematologic    

 

 

Blood Conservation Strategies 
 

Anemia is common in critically ill patients and the evidence suggesting increased morbidity and mortality 
related to red cell transfusions is well known, reinforcing that conservation of blood, rather than 
transfusion results in better outcomes. A number of conservation strategies have been proposed to 
mitigate anemia and thus prevent transfusion.   
 
Reducing Acute Blood Loss 
 Tranexamic Acid: Competes with plasmin binding sites, inhibiting lysis. 

Results from the CRASH-2 trial continue to spur more research into antifibrinolytic therapy. With 
over 20,000 patients enrolled, this trial showed less blood loss, fewer transfusions and less 
mortality when used after injury. A follow-up study showed the benefit was constrained to within 
3 hours of injury. The MATTERs study confirmed these findings with greatest benefit being in 
those patients requiring massive transfusion. 

 
 Prothrombin Complex Concentrate (PCC): Factors II, IV, X (±VII) in concentrated form.  

Available in 3 or 4-factor products, PCC has seen widespread use to reverse warfarin 
coagulopathy, but also has shown benefit in controlling the coagulopathy associated with trauma 
and hemorrhage. It has a low side-effect profile and achieves complete coagulopathy reversal in a 
matter of minutes. It may be re-dosed as necessary. 

 
 Recombinant activated factor VII:  Concentrated Factor VII. 

Approved for use in patients with factor deficiencies, but has been used successfully in surgical 
and trauma patients, creating a thrombin burst to stop non-surgical bleeding in the severely 
injured.  Recent experience suggests the drug is ineffective when platelet counts are < 100 or pH 
is < 7.2.  Studies have shown decreased transfusion requirements, and despite early negative 
publicity, only non-significant trends for increased thromboembolic complications. Cost is a 
factor regarding its global use, as a single 70 mcg/kg dose is approximately $40,000. 

 
 Desmopressin:  Synthetic analogue of arginine vasopressin that induces the release of stored factor 

VIII and von Willebrand factor from endothelial cells.   
Critically ill patients usually have elevated levels of factor VIII and vWF (both acute phase 
reactants).  Studies have only shown insignificant reductions in blood loss and no real effect on 
transfusion need, except in regard to uremic or aspirin-induced platelet dysfunction. In these 
two populations, high dose desmopressin has shown both biochemical and clinical benefits. 

 
 Topical Hemostatic Agents: Variable composition materials designed to promote thrombosis. 

There are a variety of commercially-available topical hemostatic agents. Efficacy of each is 
related to its particular chemical makeup. Many are composed of a combination of thrombin-
infused fibrin strands. Cellulose, chitosan and kaolin are also used.  

 
 Blood recovery techniques:    

Recovery from sterile drains in cardiac surgery shows only marginal reduction in transfusion. The 
feasibility in cases of serious trauma is likely more limited. Similarly, autotransfusion from a 
chest drain collection system often is wrought with difficulty and inexperience, and therefore less 
clinically useful. 
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Blood Conservation Strategies Continued 
 
Preventing Subacute Anemia in Critically Ill Patients 
 Reduce blood loss associated with diagnostic testing:  

Studies have demonstrated daily blood loss of 41-377 mL related to diagnostic testing, resulting 
in more.  The amounts correlate directly with severity of illness, placing the most severely injured 
at highest risk.  Studies should be obtained ONLY when they will impact care, not as a routine 
consequence of being in the ICU.  Specimens should be obtained at one time whenever possible 
to reduce waste and tests should be added to blood already in the lab whenever possible.  
Pediatric tubes and point-of-care testing are very effective at reducing required blood volumes 
and loss (37-47%). 

 
 Erythropoietin:   

In trials treating patients for up to 3 weeks, increased hemoglobin values were realized, but no 
difference in transfusion need or number of units transfused was seen.  While this may be 
attributed to the use of more restrictive transfusion triggers, an increased incidence of DVT 
without mortality benefit, make the routine use of recombinant erythropoietin unwarranted. 

 
 Restrictive red cell transfusion triggers:   

Three multicenter studies provide strong evidence that a restrictive transfusion strategy with a 
lower hemoglobin threshold is safe, and possibly superior to liberal strategies in critically ill 
adults.  The only possible exception is acute coronary ischemia, but the evidence is conflicting. 

 
In summary, the simplest methods are likely the most effective.  Limiting diagnostic testing and waste 
and adopting a conservative transfusion practice carries the highest impact on reducing anemia and 
transfusion (and the complications associated with donor red cell product transfusions).  Nursing audits, 
educational programs, and bedside reminders can be very effective in improving institutional practice.    
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Red Blood Cell Transfusion in Adult Trauma and Critical Care 
 

General Critically Ill Patient 
 Indicated for patients with evidence of hemorrhagic shock.  
 May be indicated for patients with evidence of acute hemorrhage AND hemodynamic instability or 

inadequate oxygen delivery.  
 “Restrictive” transfusion strategy (Hb<7 g/dL) is as effective as a “liberal” transfusion strategy 

(Hb<10 g/dL) with hemodynamically stable anemia.  
 Decision for RBC transfusion should be based on the patient’s intravascular volume status, evidence 

of shock, duration and extent of anemia, and cardiopulmonary physiologic parameters.  It should not 
be considered an absolute method to improve tissue oxygen delivery and should be given as single 
units assuming no active hemorrhage exists.  

 
Sepsis 
 No mortality benefit with transfusion to a goal of 9 g/dL.  
 
ARDS 
 Avoid RBC transfusion in patients at risk for ALI and ARDS after completion of resuscitation (II) 
 Whenever possible diagnose and report transfusion-related ALI (TRALI) to the blood bank because it 

has emerged as a leading cause of transfusion-related morbidity and mortality, despite underdiagnosis 
and underreporting.  

 
Neurologic Injury and Diseases 
 There is no benefit to a “liberal” strategy over a “restrictive” transfusion strategy.  
 
Cardiovascular Disease 
 There is no survival benefit of a “liberal” transfusion strategy for patients undergoing surgery with a 

history of, or risk factors for cardiovascular disease.  
 
RBC Transfusion Risks 
 RBC transfusion is associated with increased nosocomial infection rates independent of other factors, 

and transfusion is an independent risk factor for MOF and SIRS.  
 There is no definitive evidence that prestorage leukocyte depletion reduces complication rates, but 

some studies have shown a reduction in infectious complications.  
 RBC transfusion is independently associated with longer ICU and hospital stay, increased 

complications, and increased mortality, and there is a relationship between transfusion and ALI and 
ARDS.  
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32. Infectious Disease 
Evaluation of Fever 

 
Fever is a common manifestation of critical illness. Heat generated by a hypermetabolic state and altered 
CNS thermoregulation with upward adjustment of the hypothalamic thermostat result in hyperthermia.  
Fever has both beneficial and harmful effects. Endogenous pyrogens stimulate production of T & B 
lymphocytes, which increase antibody production as much as 20-fold. Conversely, increased metabolic 
activity increases oxygen consumption. The goal of therapy should be aimed at allowing the body’s 
defense mechanisms to combat infection without compromising tissue oxygenation. Diagnosis and source 
of infection are often difficult to identify in the critically ill patient.  There are also many non-infectious 
conditions that can produce fever.  
 

 

  

NO

NO 

Continue therapy, 
discuss with team 

YES 

YES 

Cultures likely not necessary. 
High-risk patients, or those 

with prolonged 
hospitalization may benefit 

from infectious workup. 

Temperature > 38.6C 

Clinical assessment for 
possible infectious causes of 

fever 

>48 hrs after operation 
or injury? 

Pan culture obtained in past 96 
hrs? 

Does the patient have a known 
source and/or is already receiving 

antimicrobials? 
Antibiotic therapy initiated? 

Patient responding to antibiotic 

Obtain culture specimens 
Blood cultures from 2 separate sites 

Urine culture 
Bronchoalveolar lavage  

*ORDER QTL/BAL QUANTITATIVE 
CULTURE* 

Obtain blood cultures only  
(if not completed in 

previous 24 hrs) 

YES 

NO 

 Ibuprofen 400-600 mg PO/PT q 4-6 hours PRN if temperature >38.9C (102F) 
 If temperature >40C (104F) consider external cooling (adequate sedation and NMBA required) 
 Acetaminophen 650 mg PO/PR q 4-6 hrs PRN Cr>1.5, thrombocytopenia (<50K), bleeding disorder, stress ulceration

Begin empiric antimicrobial therapy for suspected infection.  Repeat 
clinical assessment for additional infectious or non-infectious causes. 
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Antimicrobial Use for Acute Care Surgery 
 
Trauma  
Chest Cefazolin 
Abdomen1 Cefazolin (+metronidazole x24 hours if viscus perforation) 
Extremities (Gustilo <2b) Cefazolin 
Extremities (Gustilo >2b) Cefazolin + gentamicin, ± PCN-G (farming injuries) 
Basilar skull fracture None, independent of CSF leak 
Urologic injury Cefazolin ± aminoglycoside 
Mandible fractures2 Preoperative cefazolin only 
Nasal bone fractures with packing3 No clear evidence for prophylactic antibiotics 
Ear lacerations (cartilage)4 Some cases, choice per ENT/Plastics faculty 
Intraoral lacerations2 Minor: none; Severe: clindamycin 
Lacerations repaired in ED/ICU5 None, unless fecal or animal contamination present 
Animal bites Amoxicillin-clavulanic acid, ampicillin-sulbactam, doxycycline 
Burns6 No clear evidence for prophylactic antibiotics 
  
Emergent Surgery 
Necrotizing Soft Tissue Infection7 Vancomycin + piperacillin-tazobactam + clindamycin + PCN-G 
Acute mesenteric ischemia Ertapenem, piperacillin-tazobactam 
Appendicitis8 Ertapenem, cefazolin + metronidazole, cefotetan 
Bowel obstruction9 Ertapenem, cefazolin + metronidazole, cefotetan 
Cholecystitis, gallstone pancreatitis Ampicillin-sulbactam, amoxicillin-clavulanic acid 
  
Elective Surgery 
Gastroduodenal, Small Bowel, 
Hernia w/wo mesh 

Cefazolin 

Biliary10 Cefazolin, ampicillin-sulbactam 
Colorectal Cefazolin + metronidazole, ertapenem 
Thoracic Cefazolin 
Vascular Cefazolin 
PEG Cefazolin 
Tracheostomy No clear evidence for prophylactic antibiotics 
Hemorrhoids No clear evidence for prophylactic antibiotics 
  
Specific Disease States 
Chronic mesenteric ischemia Metronidazole, meropenem, clindamycin 
Ventilator-associated pneumonia11 Vancomycin + piperacillin-tazobactam 
Inhalational injury No clear evidence for prophylactic antibiotics 
Pancreatitis12 No clear evidence for prophylactic antibiotics; Antibiotics for 

infected pancreatitis should be directed toward culture results 
  
Penicillin Allergy Clindamycin 
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1 Without significant fecal contamination or delayed presentation, continued post-operative antibiotics 
after abdominal trauma is not warranted. Specific cases may benefit however. 
2 Significant intraoral injury may benefit from aggressive oral hygiene and antibiotic prophylaxis against 
anaerobic bacteria. Benefits are most often seen with gunshot wounds to the face. 
3 Common dogma is to prophylactically treat with antibiotics, however large reviews found no benefit. 
4 Sequelae of infection can be disfiguring, however no clear evidence exists for prophylaxis. 
5 Topical antibiotics, such as bacitracin, may have some benefit, however the evidence is lacking. 
6 Systemic antibiotics lead to worsened outcomes and breed antibiotic resistance. Topical silver 
sulfadiazine has been associated with increased infections and lengths of stay. Topical bacitracin is 
widely available and inexpensive, and provides a non-adherent method to dress the burn – however 
evidence suggests it may increase the development of multi-drug resistant organisms. Despite this, it is 
likely a reasonable method of initial dressing. Convincing data on newer, silver-based dressings does not 
yet exist, however preliminary data suggests a decrease in burn wound infection and decreased pain 
secondary to fewer dressing changes. Large, randomized data are limited to animal studies. 
7 The cornerstone of management is immediate tissue debridement. Antibiotics are targeted to treat 
MRSA, Pseudomonas and other Gram-negative species. Clindamycin mitigates endotoxin and targets 
Staph/Strep species, as well as offers extended anaerobic coverage. Penicillin-G targets Clostridium. 
8 Traditional regimens included multiple medications. Ertapenem and piperacillin-tazobactam have been 
studied recently with similar results and improved dosing schema. 
9 There is no evidence to support antibiotic use for non-operative bowel obstruction. Clinical indicators of 
systemic inflammation/infection are clinical indicators for operative intervention. Only perioperative 
dosing is recommended. Expanded coverage for colonic flora (metronidazole or ertapenem) may be 
warranted in cases of prolonged non-operative management or perforation. 
10 Routine use of prophylactic antibiotics for low-risk cholecystectomy has been challenged in multiple 
studies, and may be of little benefit. 
11 There is increasing evidence for systemic antibiotic prophylaxis of ventilator-associated pneumonia in 
critically-ill patients, however the complexities of surgical patients and the high risk for multi-drug 
resistant pathogens precludes prophylaxis in acute care surgery patients. As data emerges in this specific 
patient population, prophylactic antibiosis for VAP may prove beneficial. However, at this time there is 
no role for prophylaxis, and antibiotics should only be administered upon making the clinical diagnosis of 
VAP. Improved outcomes are seen when the correct initial empiric antibiotic is chosen after clinical 
diagnosis is reached. The antibiogram of the institution and the SICU are reviewed regularly. 
Vancomycin and piperacillin-tazobactam should be initiated upon making the clinical diagnosis of 
pneumonia in ventilated patients based on these results.  
12 Antibiotic use in non-infected pancreatitis is controversial. Conflicting results cloud the interpretation 
of available literature. In multiple trials no benefit has been elucidated in cases of severe or necrotic 
pancreatitis. Infected pancreatitis however, mandates systemic antibiotics. 
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Specific Antimicrobial Regimens 
 

Perforated Appendicitis 
 Inpatient: Ertapenem 1gm IV Qday 
 Outpatient: Not applicable 
 Total therapy duration: 3 days, including perioperative dose 

 
Nonoperative Perforated Diverticulitis, with or without a Drain 

 Inpatient: Ertapenem 1gm IV Qday 
 Outpatient: Ciprofloxacin PO 500mg Q12 and metronidazole PO 500mg Q8 
 Total therapy duration: 8 days 

 
Operative Perforated Diverticulitis 

 Inpatient: Ertapenem 1gm IV Qday 
 Outpatient: Ciprofloxacin 500mg PO Q12 and metronidazole 500mg PO Q8 
 Total therapy duration: 3-5 days typically, unless otherwise noted by operating surgeon 

 
Clostridium difficile Infection 

 Inpatient: Vancomycin 125mg PO Q6 
 Awaiting Return of Bowel Function as Inpatient:  Metronidazole 500mg IV Q8 
 Outpatient: Vancomycin 125mg PO Q6 
 Highly Virulent Strain: Vancomycin 125mg PO Q6 
 Recurrent C. difficile Infection: Vancomycin 125mg PO Q6, AND Metronidazole 500mg IV Q8.  

Consider Vancomycin 500mg in 100mL NS per rectum Q6. 
 Total therapy duration: 14 days 

 
Open Fracture Prophylaxis 

 Antimicrobials must be administered within 1 hour of patient arrival. 
 Gustillo 1-2a: Cefazolin 1gm IV Q8 
 Gustillo 2b+: Cefazolin 1gm IV Q8, AND Gentamicin (dose based on renal function) 
 Gustillo 2b+ with fecal or Clostridial contamination: Cefazolin 1gm IV Q8,  

       AND Gentamicin (pharmacy dosed),     
               AND Penicillin G 4million units IV 

 Total therapy duration: 72 hours post injury, or not >24 hours after soft tissue coverage achieved 
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33. Neurologic 
Indications for CT in Mild Traumatic Brain Injury 

 
 
 
Mild traumatic brain injury 

 Witnessed loss of consciousness 
 Definite amnesia 
 Witnessed disorientation in a patient with a GCS 13-15  

 
AND ANY ONE OF THE FOLLOWING: 

 
Moderate Risk for Brain Injury on CT 

 Amnesia before impact (≥ 30 minutes) 
 High-risk mechanism (pedestrian stuck, occupant ejection, fall ≥ 5 feet or 3 stairs) 

 
High Risk for Neurosurgical Intervention 

 GCS score < 15 at least 2 hours after injury 
 Suspected open or depressed skull fracture 
 Clinical sign suggesting basilar skull fracture 

o Raccoon eyes 
o Hemotympanum 
o CSF oto/rhinorrhea 

 Vomiting (≥ 2 episodes) 
 Age ≥ 65 years 
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Severe Traumatic Brain Injury Guidelines 
 
Patient physiology will differ widely, and thus their management will differ as well. These are to serve as 
guidelines only, and in some cases management strategies will vary. 
 
 Elevate the patient’s head 

o Reverse Trendelenburg position (which can and should be accomplished in the ED) and 
elevation of the head of bed reduces intracranial pressure. 

 Maintain normoglycemia 
o Insulin drips should be initiated early, as hyperglycemia worsens ICP, increases cerebral 

edema and increases mortality among brain-injured patients. 
 Begin enteral nutrition within 24 hours 

o Once it has been determined the patient will not be proceeding to the operating suite, tube 
feeds should be initiated. Tube feeding flushes should be with normal saline, not free 
water. Tube feeds can be changed to optimize sodium levels. 

 Maintain euvolemia 
o Never use dextrose-based fluids, as dextrose will move to the interstitial space of the 

brain and worsen cerebral edema, thereby increasing intracranial pressure. Normal saline 
or 3% HTS is preferred, as the higher sodium and osmolar load will aid in decreasing 
cerebral edema. 

 Maintain normothermia 
o Fever is common in brain injury and is often centrally mediated. Cultures are not 

necessary within the first 48 hours of injury, as the body’s response to injury is often seen 
with fever and demargination of WBCs. All patients should have central temperature 
monitoring (bladder or rectal). Treat fever aggressively with Tylenol 1000mg Q6. If 
hemorrhagic stability is determined by repeat CT scan, ibuprofen 600mg Q6 may be 
alternated with Tylenol. 

 Maintain hypertonic state for first 5-7 days 
o Goal sodium level is between 145-155 mmol/L. Optimal osmolality is approximately 315 

mOsm/kg. When actively managing sodium levels, Q6 hour sodium levels and Q12 hour 
osmolality checks should be performed.  

 Maintain normocarbia 
o Goal pCO2 is between 30-35 mmHg. Hypercarbia causes vasodilatation in the brain 

increasing ICP. Severe hypocapnia should be avoided, as a pCO2 below 29 increases the 
rate of cerebral vasospasm, worsening cerebral perfusion to already injured areas of the 
brain. Worsened outcomes are seen with hypocarbia and hypercarbia. 

 Avoid hypoxia 
o A single episode of hypoxia is associated with twice the risk of mortality in TBI. 

 Maintain normal intracranial pressure 
o All patients with a likelihood of survival and a GCS of <8, should have an EVD placed 

by neurosurgery. Increases in PEEP, increased pCO2, fever, supine positioning, 
hyponatremia, hyperglycemia, significant abdominal distension, occlusion of the internal 
jugular veins (by collar) and hypoxia all increase ICP and should be avoided. 
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 Maintain normal coagulation profile 
o INR should be less than 1.4. Emergent reversal of coagulopathy should be completed 

with 15 IU/kg (30 IU/kg if INR >5) actual body weight of prothrombin complex 
concentrate (Bebulin). If hypovolemic, give 15 mL/kg actual body weight of FFP. 
Prothrombin complex will correct most patients within minutes. 

o Correct platelet abnormalities with platelet transfusion. 
o Correct hyperfibrinolysis with TXA 1 gm IV over 10 minutes, followed by 1 gm IV over 

8 hours. 
 Seizure prophylaxis 

o Epidural hemorrhage or intraventricular hemorrhages do not require seizure prophylaxis. 
All other variants require prophylaxis. Levetiracetam is the drug of choice. For patients at 
risk for hypnosedative or alcohol withdrawal, carbamazepine should utilized instead. 

 Surveillance of injury 
o A repeat CT of the brain at either 12 or 24 hours post injury depending on injury severity 

should be performed. Indications for short-interval scanning include advanced age, 
preinjury anticoagulant use, and severe injury with risk of expansion. If an EDH is 
present, a CT should be completed at 12 hours. Decline in GCS should prompt an 
emergent CT of the brain.  

 DVT prophylaxis 
o DVT prophylaxis may be initiated after stability is reached with CT. Caution use of DVT 

prophylaxis with thrombocytopenia (<100,000).  
 Address neuroendocrine disorders 

o Diabetes insipidus is common, and should be expected if the UOP increases abruptly. 
Empiric dosing of 4mcg DDAVP should be given after urine osmolality is sent for 
analysis. DDAVP may be dosed to effect to a UOP of less than 100cc/hour. While DI is 
present, Q2 sodium checks are reasonable to ensure levels do not rise too quickly. Fluids 
should be changed to either ½ NS or LR, with cc-for-cc urine replacement in addition to 
50 or 100cc baseline isotonic fluids. Frequent adjustments are often necessary. 

 Treat sympathetic storm 
o Brain storming is common. Sympathetic dysregulation is often seen with tachycardia, 

hypertension, tachypnea and fever. Clonidine is a preferred agent (0.1mg Q8). Others 
include carbamazepine or propranololol. 
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Hyperosmolar Therapy in Traumatic Brain Injury 
 
 
 Hypertonic saline has several theoretical benefits over 

standard crystalloid solutions; allowing for increased 
volume expansion, better myocardial contractility, and 
deformation of the red cell that improves micro-
circulatory flow. 

 There are potential detrimental effects, most notable is 
central and peripheral vasodilation. 

 Randomized controlled trials showing a benefit to the use 
of hypertonic saline are limited, but suggest improved 
mortality and outcomes, and superiority over mannitol. 

 At the present time, pre-hospital use should be reserved 
for the following clinical situation:  Suspected or 
confirmed moderate to severe traumatic brain injury with 
concern for intra-cranial hypertension, as evidenced by 
one or more of the following: 

o GCS of ≤ 12 
o Unilateral pupillary abnormality 
o Lateralizing signs 
o CT imaging evidence of a structural lesion and/or 

cerebral edema 
 Use caution in patients with known alcohol use/abuse or 

suspected pre-existing hyponatremia.  Liberal use of 
point-of-care testing will be helpful to guide therapy. 

 Short-term infusion of 3% hypertonic solution is safe via 
peripheral venous access. Long-term use, or use of 23.4% 
hypertonic saline should be infused via central access. 

 3% Hypertonic Saline 
Adult: Bolus 250 mL over 15 minutes, 
then start infusion of 30 mL/hour 
Peds:  Bolus 3-5 mL/kg over 15 
minutes, then start infusion of 1 
mL/kg/hour 
 

23.4% Hypertonic Saline 
Adult: Bolus 30 mL over 15 minutes 
*Recommend central venous access 
 
Therapeutic Goals: 
Moderate TBI: Serum Na 145-150 
Severe TBI: Serum Na 150-155 
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Analgesia and Sedation Assessment 
 

Numeric Rating Scale For patients who can communicate pain intensity

No Pain Moderate Pain Severe Pain
1 2 3 4 5 6 7 8 9 10 

 

Behavioral Pain Assessment Scale For patients unable to self-report pain
How to Use the Behavioral Pain Assessment Scale: 
 Observe behaviors and mark appropriate number for each category. Total the numbers in the Pain Assessment Behavioral Score column. 
 Zero = no evidence of pain.  Mild pain = 1-3.  Moderate pain = 4-5.  Severe uncontrolled pain is  six. 
Considerations: 
 Use the standard Pain Scale whenever possible.  Self–report is the best indicator of the presence and intensity of pain. Use this scale for those 

who cannot self-report pain. Use this scale for patients who are unable to provide a self-report of pain. Families may help provide 
interpretation. 

 (Scored 0-10 clinical observation for patients unable to provide a self-report of pain) 

 0 1 2 Total 
Face Face muscles relaxed Face tension, frown, grimace Constant frown, clenched jaw  

Restlessness Quiet, relaxed appearance, 
normal movement 

Occasional restless 
movement, shifting position 

Frequent restless movement 
may include extremities or 
head 

 

Muscle Tone* Normal muscle tone, relaxed ↑ tone, flexion of digits Rigid tone  

Vocalization*
* 

No abnormal sounds Occasional moans, cries, 
whimpers or grunts 

Frequent or continuous moans, 
cries, whimpers or grunts 

 

Consolability Content, relaxed Reassured by touch or talk.  
Distractible 

Difficult to comfort by touch or 
voice 

 

Total Score /10
 

Richmond Agitation and Sedation Scale (RASS) For sedated patients

+4 +3 +2 +1 0 -1 -2 -3 -4 -5 

Combative 
Very 

Agitated 
Agitated Restless Calm Drowsy 

Light 
Sedation 

Mod. 
Sedation 

Deep 
Sedation 

Unable to 
arouse 

Immediate 
danger to 
self or staff 

Pulls at 
tubes, 
aggressive 

Frequent 
purposeless 
movements 
or vent 
dyssynch. 

Anxious, 
but not 
aggressive 

Alert & 
calm 

Awake > 10 
sec., eye 
contact to 
voice 

Brief eye 
contact to 
voice < 10 
sec. 

Movement 
to voice, 
but no eye 
contact 

Movement 
to phys. 
Stimulation 
only 

 

1. Observe patient 
 a. Patient is alert, restless, or agitated. (score 0 to +4) 
2. If not alert, state patient’s name and say to open eyes and look at speaker 
 a. Patient awakens with sustained eye opening and eye contact. (score –1) 
 b. Patient awakens with eye opening and eye contact, but not sustained. (score –2) 
 c. Patient has any movement in response to voice but no eye contact. (score –3) 
3. When no response to verbal stimulation, physically stimulate patient by shaking shoulder and/or rubbing sternum 
 a. Patient has any movement to physical stimulation. (score –4) 
 b. Patient has no response to any stimulation. (score –5) 
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Inpatient Analgesia Recommendations 
 
 
Background 
 Pain control is crucial to ensure adequate ambulation and 

pulmonary toilet. 
 Most multiply-injured and acutely postoperative patients 

will do best with a PCA. 
 Take care not to remove IV medications too quickly in 

anticipation of discharge. 
 Ensure adequate pain control with the least amount of 

medication possible. 
 Each patient will tolerate pain to a differing extent. 
 Avoid oral narcotics until tolerating enteral nutrition. 
 Be cognizant of side effects and adverse reactions. 
 
Intravenous Medications 

 IV medications should be utilized in the immediate 
traumatic injury period, prior to initiation of enteral 
nutrition, patients with recent gastrointestinal surgery, 
in those with NG tubes for decompression and in 
other cases where oral/per tube narcotics should be 
avoided. 

 See Outpatient Analgesia guidelines for information 
on oral medications. 

 
Fentanyl - Preferred 

 Short-acting, quickly metabolized 
 Fewest side effects of available IV medications 

 
Morphine 

 Medium duration of action 
 Many side effects, poorly tolerated 

 
Dilaudid 

 Longer acting 
 Moderate side effects 
 “Strongest” medication offered 

 
Toradol 

 IV NSAID with long duration (6 hours) 
 Excellent pain control and anti-inflammatory 

properties 
 CAUTION: Not for use with renal insufficiency 

Intermittent Dosing: 

Fentanyl 
50-100 mcg IV Q1 
 

Morphine 
1-4 mg IV Q1 
 

Dilaudid 
0.5-1 mg IV Q1 
 

Toradol 
15-30 mg IV Q6 
 
 
Typical PCA Dosing: 

Fentanyl 
10 mcg, Q6 min, Max 100 mcg/hr  
 

Morphine 
1 mg, Q6 min, Max 10 mg/hr 
 

Dilaudid 
0.2 mg, Q6 min, Max 1 mg/hr 
 
Note on PCA Dosing: 
PCA settings can be fine-tuned to patient’s 
needs by adjusting the time-interval as well 
as the dose. 

 For example, to increase the 
maximum hourly dose of Dilaudid 
to 1.2 mg – change the dosing to 
0.2 mg, Q10 min for a maximum 
hourly dose of 1.2 mg. 
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Outpatient Analgesia Recommendations 
 
Background 
 Pain control is extremely important and every patient’s 

ability to manage acute pain is different. 
 Be mindful of allergies, comorbidities and age. 
 Utilize non-narcotic applications whenever 

appropriate. Ibuprofen (care with GI side effects) has 
excellent anti-inflammatory properties.  

 Avoid oral narcotics in patients who are NPO. 
 Narcotic regimens have the high potential for dependence, 

and thus should be titrated to off as quickly as possible. 
 Obstipation often results from narcotics, include stool 

softeners while taking narcotics. 
 Expect higher medication requirements for prolonged 

periods of time with complex fracture patterns. 
 Patient satisfaction is closely related to expectations 

for pain control. Encourage patients to take 
responsibility for their recovery and encourage them 
to abstain from narcotics. 

 
Sameday Surgery, Discharge POD #0 

 Recommend: 10 tablets 
 Taper time: < 5 days 

Elective Surgery, Discharge POD #1 
 Recommend: 15 tablets 
 Taper time: < 5 days 

Elective Surgery, Discharge POD #2+ 
 Recommend:  

Rx = # tablets taken the day prior to discharge x 10 
 Taper time: 10 days 

Trauma, Single System Injury 
 Recommend:  

Rx = # tablets taken the day prior to discharge x 10 
 Taper time: 15 days 

Trauma, Multisystem Injury or Major Orthopedic Injury 
 Recommend:  

Rx = # tablets taken the day prior to discharge x 20 
 Taper time: 30 days 

 
 

Escalating Outpatient 
Medications: 

Acetaminophen 
500 mg PO Q6 or 1000 mg PO Q4 
 

Ibuprofen 
600 mg PO Q6-8 
 

Tramadol 
50-100 mg PO Q4-6 
 

Norco  
(hydrocodone-acetaminophen 5/325) 
1-2 tabs PO Q4-6 
 

Oxycodone 
5-15 mg PO Q4-6 
 

Dilaudid 
1-2 mg PO Q4-6 
 
Long-Acting Medications: 

MSContin 
15-30 mg PO Q8-12 
 

OxyCONTIN 
10-20 mg PO Q12 
 
Adjuncts: 

Gabapentin 
300 mg x1 Day 1, 300 mg Q12 Day 2, 
300 mg TID thereafter 
 

Flexeril 
5-10 mg PO Q8-12 
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Neuropraxial Pain Control in Acute Care Surgery 
 
 Epidural analgesia should be considered for patients who have severe pain not adequately controlled 

with narcotic pain medication, or in those who have significant side effects (sedation, hypotension, 
etc) related to narcotic pain medication.  

 Evidence clearly supports neuropraxial pain control for those patients with severe pain from rib 
fractures, impeding pulmonary toilet. 

 Pre-operative placement of epidural catheters for thoracic and major abdominal operations should be 
considered, and are associated with quicker return of bowel function, improved pulmonary toilet, 
improved pain scores, decreased incidence of DVT and earlier ambulation. 

 Spines should be cleared prior to contacting Anesthesia. Transverse and spinal process fractures are 
not absolute contraindications to placement, rather patients should be evaluated on a case-by-case 
basis. 

 Sedated and intubated patients may undergo epidural placement on a case-by-case basis. 
 Urinary catheters are not absolutely indicated with epidural catheters, as most patients are able to 

successfully void during epidural therapy. 
 

Epidural Anticoagulant Guidelines
 Placement During Therapy Removal 

Medication 
Hold prior to 

epidural placement 
Regimen during 
epidural therapy 

Hold prior to epidural 
removal 

Restart after 
epidural removal 

   

Prophylaxis 
Heparin Ideally 8 hrs 2 hrs 4 hrs 2 hrs 

LMWH 40 Q24 12 hrs 8 hrs 12 hrs 2 hrs 
LMWH 30 Q12 12 hrs Avoid Avoid 2 hrs 

     

Antiplatelet Therapy
Aspirin/NSAIDS No time or dosing restrictions 

Plavix 7 days Avoid Avoid No restrictions 
Abciximab 24-48 hrs Avoid Avoid 6-8 hrs 

   

Therapeutic Anticoagulation 

Heparin Drip 
aPTT < 40 sec; 2-4 hrs 

prior to placement 
Start 24 hrs after 

placement 
aPTT < 40 sec; 2-4 hrs 

prior to removal 
6-8 hrs 

Therapeutic LMWH 24 hrs Avoid Avoid 6-8 hrs 

Coumadin 
5 days and INR <1.4; 

or if fully reversed 
Avoid Avoid 24 hrs 
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Alcohol & Hypnosedative Withdrawal 
 
 
Background 
 Nearly 50% of trauma patients are intoxicated at the time 

of admission. 
 Withdrawal commonly occurs within 6-48 hours. 
 Manifestations include tremor, tachycardia, hypertension, 

visual/tactile/auditory hallucinations, agitation, anxiety. 
 Individuals with a history of DTs or an alcohol level >200 

with a GCS 15 are at highest risk. 
 
Treatment 
 All patients should receive nutritional supplementation 

o 100 mg thiamine, 1 mg folate, 1 amp MVI,  
2 gm Mag Sulfate added to IVF daily x 3 days 

o Caution: Do not initiate dextrose-based infusions 
within the first 24 hours, or if concomitant brain 
injury exists. 

 All patients should undergo a brief substance abuse 
intervention during their hospital course. 

 Sodium should be corrected slowly as needed. 
 Benzodiazepines should be used with caution, and low 

doses should be attempted first. 
 
Delirium Tremens Prophylaxis 
 CIWA Protocols should be utilized with caution as the 

risk of benzodiazepine overdose is high. 
 Alcohol (Beer or liquor) should be considered a viable 

alternative in the awake, non-intubated patient who has no 
desire to abstain from alcohol. 

 Diazepam is the drug of choice for alcohol withdrawal 
due to rapid onset and long duration of action. 

 Lorazepam may also be considered due to short duration 
of action. 

 Carbamazepine is the drug of choice for combined 
hypnosedative/alcohol withdrawal. 

 Carbamazepine should be utilized with concomitant brain 
injury exists, as it serves the dual purpose of seizure 
prophylaxis, as well as DT prophylaxis. 

 
 

Alcohol Withdrawal: 

Diazepam (Valium) 
Load:  
  20 mg PO/PT Q2 x3-6 doses 
Intubated Maintenance:  
  5-10 mg IV/PO/PT Q1 PRN 
Non-Intubated Maintenance: 
  5-10mg IV/PO/PT Q8 
 

Lorazepam (Ativan) 
Load:  
  1-4 mg IV Q15 min until calm 
Maintenance:  
  1-4 mg IV/PO/PT Q1 PRN 
 
Combined  
Sedative/Alcohol 
Withdrawal: 

Carbamazepine (Tegretol) 
Load:  
  300 mg PO/PT Q2 x3-6 doses 
Maintenance:  
  300 mg PO/PT Q8 on days 2-5,  
  then 200 mg Q8 on days 6-8 
 
Agitation: 

Haloperidol (Haldol) 
5-10 mg IV/PO/PT Q1 PRN 
Not to exceed 240 mg/24 hours 
 

Quetiapine (Seroquel) 
25-50 mg PO/PT Q12 
 
Benzodiazepine Overdose: 

Flumazenil (Romazicon) 
0.2 mg IV Q 1 min, up to 1 mg 
Caution: High seizure risk 
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Delirium Assessment & CAM-ICU 
 
Step 1: Assess Sedation 
 If RASS is -4 or -5, stop and reassess once 

RASS closer to goal 
 If RASS is above -4, proceed to Step 2 
 
Step 2: Assess for Delirium 
 Feature 1: Acute mental status changes or a 

fluctuating course 
- Is there a change from baseline, or 

has the patient’s mental status 
fluctuated over last 24 hours? 

- AND      - 
 Feature 2: Inattention 

- AND      - 
 Feature 3: Altered level of consciousness 

-   OR       - 
 Feature 4: Disorganized thinking 
 

If the patient has Feature 1 and 2, and either 
Feature 3 or 4, the Confusion Assessment 
Method for the ICU (CAM-ICU) is positive 
(i.e. the patient has delirium), and should be 
appropriately treated using the “Analgesia, 
Sedation, and Anti-Delirium Guideline for 
Mechanically Ventilated Adults.” 

 
 Because delirium by definition has a 

fluctuating course, reassessment should be 
performed each shift, or every 12 hours. 
 

 Use the CAM-ICU Worksheet to guide 
performance of the delirium assessment. 
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STEP 1: Acute Onset or Fluctuating 
Course 

Is there an acute change  
from mental status baseline? 

Yes 

STEP 2: Inattention 
“I am going to read you a series of 10 letters.  

Whenever you hear the letter ‘A’, let me know 
by squeezing my hand. 

Read the following 10 letters:   
S A V E A H A A R T 

Record an error when patient fails to 
squeeze on the letter ‘A’ or when the 

patient squeezes on any  
letter other than ‘A.’ 

 

≥ 3 

STEP 3: Altered Level of 
Consciousness 

 
If RASS is 0, proceed to next step 

 

0 

STEP 4: Disorganized Thinking 
Series of 4 questions and 1 command 

 
1. “Will a stone float on water?”  
     (or “Will a leaf float on water?”) 
2. “Are there fish in the sea?”  
     (or “Are there elephants in the sea?”) 
3. “Does 1 pound weigh more than 2 pounds?” 
     (or “Do 2 pounds weight more than 1?”) 
4. “Can you use a hammer to pound a nail?”  
     (or “Can you use a hammer to cut wood?”) 
 
5. “Hold up this many fingers” (examiner holds 
2 fingers in front of patient).  “Now do the 
same thing with the other hand.” (not 
repeating the number of fingers).  *If patient is 
unable to move both arms for the second part, 
ask patient “add one more finger.” 
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Analgesia, Sedation and Anti-Delirium Guidelines 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Reassess goals daily with team. 
Maintain goals using minimum 
effective pharmacologic dosing 

Intermittent Dosing 
Hydromorphone: 0.5-1 mg IVP q 10 min to goal NRS/BPAS, then q 2 h PRN pain 
        - OR - 
Fentanyl: 50-100 mcg IVP q 10 min to goal NRS/BPAS, then q 2 h PRN pain 
 
Continuous Infusion (if intermittent dose required more often than q 2 hours) 
Fentanyl: 50-100 mcg IVP q 10 min to goal, then start gtt @ 50-100 mcg/hr and titrate 
to goal NRS/BPAS 

Propofol: start gtt @ 5 mcg/kg/min, titrate to goal RASS, not to exceed 80 mcg/kg/min 

Analgesia 
Goal NRS/BPAS 0 to 3 

Agitation 
Goal RASS 0 to -2 

Intermittent Dosing (PREFERRED) 
Lorazepam: 1-2 mg IVP q 10 min to goal RASS, then q 2 h PRN anxiety and goal RASS 
 
Continuous Infusion (if intermittent dose required more often than 4 times in 8 hr 
period after achieving initial RASS goal) 
Projected >48 hours- Lorazepam: 1-2 mg IVP q 10 min to goal, then start gtt @ 1 
mg/hr and titrate to goal RASS; call MD if Lorazepam infusion > 6 mg/hr 

- OR - 
Projected < 48 hours- Propofol: start gtt @ 5 mcg/kg/min and titrate to goal RASS, 
not to exceed 80 mcg/kg/min (Convert to Lorazepam after 72 hours) 

Abnormal ICP? 

No 

Yes No

Is the patient comfortable and at goals? 

No 

Haloperidol: 2.5-5 mg IVP q 4 h PRN agitation and goal RASS.  For breakthrough, 
Propofol: start gtt @ 5 mcg/kg/min, titrate to goal RASS, not to exceed 60 mcg/kg/min 

Nonpharmacologic therapies  
Maximize sleep-wake conditions, allow patient to use own eyeglasses and hearing aid(s) 
ASAP, encourage family to participate in orientation 
 
Traumatic Brain Injury  
Haloperidol: 1-2 mg IVP every hour until goal RASS achieved, then 25% of total loading 
dose IVP q 6 h  
Quetiapine: 12.5-50mg PO/PT Qday or Q12 
 
Non-Traumatic Brain Injury 
Haloperidol: 5-10 mg IVP q 20 minutes until goal RASS achieved, then 25% of total 
loading dose IVP q 6 h 
Trazodone (for sleep): 25-50 mg PO/PT QHS PRN sleep  

Yes 

Yes 

Evaluate and correct  
reversible causes 

≥3 risk factors for 
delirium? 

-Age >69 yrs 
-Dementia 
-Major Surgery 
-Psych history 
-Mult. fractures 
-Inability to perform 
ADLs at baseline

Delirium 
CAM-ICU 
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Analgesia, Sedation and Anti-Delirium Guidelines Continued 
 

Intermittent Dosing  
 Under analgesia/sedation: Rebolus or increase dose by 50%, consider shortening dosing interval. 
 

 Over-sedation: Hold until returns to goal, decrease dose by 50%, consider extending dosing interval. 
 

 Consider PCA analgesia in awake and alert patients. 
 
Continuous Infusion  
 Under analgesia/sedation: Rebolus or increase gtt rate by 50%. 
 

 Over-sedation: Decrease gtt rate by 50% every 2 hours until goal reached. 
 

 Consider scheduled enteral therapies (Clonidine, Seroquel, Valium, Tegretol) to facilitate weaning in 
patients receiving continuous infusion > 48 hours. 

 
Concomitant Neuromuscular Blockers (NMBs) 
 DO NOT HOLD SEDATION OR ANALGESIA UNTIL NMB STOPPED AND PARALYSIS 

RESOLVED. 
 
Discontinuing Continuous Infusions  
 Infusions > 7 days 

o Decrease rate (e.g., mg/hr, mcg/hr) by 25% every 12 to 24 hours as tolerated and assess 
potential for discontinuation with SCC team. 

o Initiate long-acting enteral therapies to facilitate more timely wean, as appropriate. 
 Infusions  7 days  

o Decrease rate (e.g., mg/hr, mcg/hr) by 25 – 50% every shift as tolerated and assess 
potential for discontinuation with SCC team. 

 
Pharmacologic Monitoring 
 Haldol 

o Baseline QTc, then twice daily.  Patient age > 65 may require lower doses. 
 

 Propofol 
o Consider evaluation of triglyceride status on patients requiring infusions > 72 hours or > 

50mcg/kg/min for 24 hrs. 
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Determination of Brain Death by Neurologic Criteria 
Complete cessation of all brain and brain stem functions, as examined by a physician PGY-2 or greater. 
 
1. Coma: As evidenced by no eye opening and no response to pain other than spinal reflexes. 
 Absent brain stem reflexes: 

o Pupillary reflex: No response to bright light. Round or oval pupils in mid-position with 
respect to dilation (4-6mm), irregular, non-reactive 

o Ocular movement: provoked eye movements. No eye movement in brain death. The 
following procedures test the same cranial nerves (CN 8 – CN 3, 4, 6). The examiner may 
choose one or both tests: 
 Oculocephalic Reflex Response (Doll’s Eyes Phenomenon): Rapid turning of the 

head. Normal response: eyes turn together to side opposite from turn of head; absent 
reflex finds eyes turning with head movement. 

 Oculovestibular reflex (Cold Calorics): Elevate the HOB 30 degrees. The tympanum 
must be irrigated with 50 ml of cold water. Observe for 3 minutes. There should be 
no tonic deviation toward the cold stimulus. 

o Corneal reflex: Touch the edge of the cornea with a swab to produce an adequate stimulus, 
such as a blink response. Absent in brain death. 

o Oropharyngeal reflex (gag and cough): Response after stimulation of the posterior pharynx 
with tongue blade or cough response to deep bronchial suctioning. 

Apnea Challenge 
1. Pre-oxygenate patient for approx. 10 minutes and allow PaCO2 to normalize (~40mmHg) 
2. Disconnect ventilator and place large bore catheter down endotracheal tube to deliver 100% 

oxygen 
3. Observe patient for spontaneous breaths for about 10 minutes: 

o Obtain arterial blood gas (ABG) prior to test and at 10 minutes, continue test. 
o If no spontaneous breaths and PaCO2 is ≤60 mmHg or 20 mmHg ≥ baseline, repeat ABGs 

until PaCO2 meets criteria. If hemodynamic instability or hypoxemia ensue, stop test. 
o No spontaneous breaths with arterial PaCO2 ≥ 60 mmHg or 20 mmHg ≥ baseline confirms 

diagnosis of brain death. 
2. Complete loss of brain and brain stem function must be irreversible. 
 Establish cause of coma if able. Exclude complicating conditions such as pharmacological or 

metabolic intoxication, hypothermia, or shock. 
 A second exam should be performed 

o 48 hours in infants up to 2 months of age. 
o 24 hours in those between 2 months and 1 year of age. 
o 6 to 12 hours in children older than 1 year of age. 
o 6 hours in adults older than the age of 18. 

 Confirmatory tests 
o Mandatory if unable to satisfy criteria or if any doubt exists. 
o May shorten period of observation, particularly in children and young adults. 
o May help family members understand and accept diagnosis. 

A checklist entitled “Determination of Death by Neurological Criteria.” See Appendix of this manual. 
 
References 

Wijdicks EF, et al. Evidence-based guideline update: determining brain death in adults. Neurology 2010;74(23):1911-1918. 

Uniform Determination of Death Act. National Conference of Commissioners on Uniform State Laws, 1990  



 
 

Neurologic   |   Section III   |  133 

 

 

Care of the Potential Donor 
 
Patients occasionally present with catastrophic brain injury following trauma or other intracerebral 
pathology. Depending on the severity of the insult and associated physiologic derangements, these 
patients may progress to brain death. Early notification of the regional organ procurement organization 
(OPO) is vital. Referrals to Midwest Transplant Network should be completed by calling 1-800-
DONOR91 or 1-800-366-6791. 
In order to avoid perceived conflicts of interest, discussions regarding donation should be left to the 

OPO. Monthly meetings are held by our MTN hospital and family services coordinator. 
 
Differences in Donation 
 Donation after Declaration of Brain Death When a patient meets criteria for declaration of brain 

death, and the OPO has properly informed and secured consent for donation from the patient’s family, 
the OPO assumes care of the patient. Surgical or medical intensivists will be asked to assist in patient 
management. 

 Donation after Cardiac Death (DCD) In patients who do not meet criteria for declaration of brain 
death, but who are deemed to have a nonsurvivable brain injury, the family may consent to donation 
after cardiac death (assuming necessary clinical factors are present). In these cases, the primary 
service continues to manage the patient. Treatment continues to optimize patient physiology. Careful 
coordination regarding withdrawal of care is required to achieve a successful outcome. The OPO on-
site coordinator may request lab studies to assist in tissue and organ placement, or may suggest 
changes in patient management based on OPO patient support guidelines, but the ultimate 
responsibility remains with the primary surgical or medical intensivist. Any questions or conflict 
should immediately be brought to the attention of the critical care attending. 
 

Support Orders 
 A medical or surgical intensivist should be involved in patient management 
 Invasive hemodynamic monitoring: arterial line, CVP, Vigileo 
 Use crystalloid hydration to maintain euvolemia 
 Vasopressor support after adequate hydration (CVP 10-12) to maintain MAP > 60 mmHg 
 Norepinephrine infusion, not to exceed 15-20 mcg/min, Vasopressin .01-.04 units per minute 
 Maintain UOP > 0.5 mL/kg/hr If > 400 mL/hr for 2 hours, consider diabetes insipidus 
 DI: Desmopressin 0.5 mcg IVP every 2-3 hours until UOP < 400 mL/hr 
 Maintain adequate oxygenation and ventilation (pH 7.35-7.40) 
 Maintain normal electrolytes 
 Monitor and treat Hgb, Hct, PT/PTT, fibrinogen and platelets, especially with TBI patients 
 Consider transfusion if Hgb < 8 and Hct < 30%, PT > 18, fibrinogen < 70, or platelets < 50 
 Following CBC, BMP, coag profile every 6 hours after consent obtained 
 OPO may send blood samples to an outside laboratory for typing and serologies to facilitate organ 

placement through UNOS 
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Section IV: Procedures 
General Airway Management Guideline 

 
 
 Begin with preparation.  Assess for a difficult airway; the 

most experienced provider should be managing the 
airway.  Determine a primary plan and a secondary plan if 
the primary plan fails.  Have back-up devices available. 

 Pre-oxygenate the spontaneously breathing patient with 
oxygen at 12-15 L/min via non-rebreathing mask for 3-5 
mins (or high flow NC for apneic oxygenation).   

 Consider pre-treatment in special clinical situations. 
 Atropine for pediatric patients ≤ 1 year old or any patient 

with bradycardia (assumed vagal response). 
 Fentanyl for closed head injury patients. 
 Administer sedation. 
 Administer paralysis (avoid paralyzing any patient with a 

long-acting agent as an initial means of neuromuscular 
blockade, or any patient who cannot be effectively 
ventilated with a bag-valve mask). Succinylcholine is the 
agent of choice unless contraindicated.    

 Absolute contraindications to succinylcholine include: 
o >5 days post crush or burn injury 
o pseudocholinesterase deficiency 
o permanent paralysis 
o severe hyperkalemia 
o malignant hyperthermia 

 Perform intubation when there is full relaxation of the 
airway.  

 Verify tube placement using at least three of the 
following: 

o Digital ETCO2 readings consistent with ET 
intubation 

o Colorimetric capnography 
o Pulse oximetry 
o Direct visualization of ETT placement 
o Observation of chest rise with ventilation 
o Auscultation of breath sounds bilaterally 
o Absence of epigastric sounds with ventilation 
o Tube condensation with exhalation 

 Document the procedure appropriately in the medical 
record.  Include (at a minimum) maintenance of cervical 
spine immobilization, pre-oxygenation, medications, tube 
size and depth, number of attempts, methods of 
confirmation, and any complications. 

Pre-treatment: 

Atropine: 
Peds ≤ 1 year old: 0.02mg/kg IV/IO 
(minimum dose 0.1mg)  
Older patients if concern of profound 
vagal response noted or expected 
 
Sedation prior to 
intubation: 

Fentanyl (Sublimaze®) 
Adult: 100-200 mcg IV/IO 
Peds: 1-3 mcg/kg IV/IO 
 

Etomidate (Amidate®) 
Adult and Peds: 0.3 mg/kg IV/IO  
(20 mg)* 
Peds <1 y.o.: contraindicated 
 

Ketamine  
Adults and Peds: 1-2 mg/kg IV/IO 
 
Neuromuscular blockade: 

Succinylcholine (short acting) 
Adult: 1-1.5 mg/kg IV/IO 
Peds >1 y.o.: 1-2 mg/kg IV/IO 
Peds <1 y.o.: 1 mg/kg IV/IO 
 

Rocuronium (Zemuron®) 
Adult: 0.6 – 1.2 mg/kg IV/IO 
Pediatrics 0.6 mg/kg IV/IO 
 

Vecuronium (Norcuron®) 
Adult: 0.1mg/kg IV/IO 
Pediatrics: 0.1mg/kg IV/IO 
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Technique for Surgical Airway 
 
Manipulation of the airway to assure adequate oxygenation and ventilation in a critically ill or injured 
patient is vital to optimal outcome.  The use of chemical paralysis and the availability of rescue adjuncts 
have significantly improved the success rates for even the novice provider.  However, rare circumstances 
still exist when rapid decision-making to proceed with a surgical airway is necessary.  In that setting, a 
simple, easily reproducible technique is mandatory.  The “three-step” cricothyroidotomy is our 
emergency surgical airway of choice.   
 
Indications: 

 Inability to secure the airway with standard means, including the inability to achieve adequate 
oxygenation or ventilation with rescue adjuncts such as an LMA, Combi-tube, etc. 

 Inability to oxygenate or ventilate with bag-valve mask device. 
 
Procedure: 

1. Determine appropriate landmarks as much as possible, understanding this may not be feasible 
until after skin incision has been made in obese patients, those with subcutaneous air, etc. 

2. Create a midline, vertical skin incision, ideally centered over the cricothyroid membrane. 
3. Assure identification of the cricothyroid membrane, incise the membrane transversely. 
4. Dilate the incision if necessary using the handle of the scalpel or a small instrument. 
5. Insert a Bougie into the cricothyroid membrane, making sure to direct distally. 
6. Pass an appropriate sized endotracheal tube over the Bougie (6.0-7.0) until the cuff disappears 

within the tracheal lumen. 
7. Remove the Bougie and inflate the ETT pilot balloon. 
8. Assure proper placement with standard methods and secure the tube. 

 
                  1. Incision                                         2. Bougie                                              3. Tube 
 
 

Pitfalls: 
 The most common error in placement of the tube is advancing it too far. Advance the tube until 

the balloon disappears. Advancing further than this is likely to result in a right mainstem 
intubation. 
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Resuscitative Thoracotomy 
 
Resuscitative thoracotomy may be necessary to salvage patients in extremis who will die without 
aggressive therapy.  While the probability of survival is often low, an educated and experienced hand is 
necessary to optimize the potential for an optimal outcome.  The procedure should usually be performed 
by a PGY-3 or higher. 
 
Indications: 
 Penetrating thoracic trauma with systolic BP <40 and pre-hospital signs of life (cardiac activity or 

respiratory effort). 
 Penetrating non-thoracic, non-cranial trauma with systolic BP <40 unresponsive to aggressive fluid 

resuscitation (2 units PRBCs and 2L crystalloid over 10-15 minutes) and pre-hospital signs of life. 
 Cardiac arrest in blunt chest or abdominal trauma when patients arrived to the ED with an obtainable 

blood pressure. 
 Suspected air embolism from severe lung or tracheobronchial injury. 
 
Procedure: 
1. Assure simultaneous airway 

management, right chest 
decompression, and NG/OG 
insertion. 
 

2. Rapid bilateral anterolateral 
chlorhexidine prep while 
thoracotomy tray opened. 
 

3. Left anterolateral thoracotomy 
incision beneath nipple in males and 
inferior mammary fold in females.  
Incision extends from left sternal 
border to anterior border of 
latissimus, usually through skin, 
subcutaneous tissue, and chest wall 
musculature with a knife.  Scissors 
are then used to enter the chest along 
the superior aspect of the fourth or fifth rib.  
Care must be taken to avoid injury to 
underlying structures. 

 
4. Insert rib spreader with handle towards table laterally. 
 
5. Examine pericardium.  If tense hemopericardium present, proceed to step 8. 
 
6. If systemic air embolus or massive hemorrhage from lung parenchyma/hilum, place Satinsky clamp 

across hilum medially. 
 
 
 

Simultaneous right chest decompression, right subclavian 
resuscitation catheter placement and intubation 
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Resuscitative Thoracotomy Continued 
 
7. Retract lung superiorly, incise the inferior pulmonary ligament.  Recall the inferior pulmonary vein 

lies within the inferior pulmonary ligament; don’t cut too far superiorly.  Locate the aorta by passing 
the right hand along the posterior chest wall.  The aorta is located along the lateral aspect of the 
vertebral bodies, and is posterior-lateral to the esophagus.  Dissect around aorta and apply cross-
clamp. Mayo scissors may be used to incise the overlying parietal pleura to develop this plane. 
 

8. Grasp the pericardium with forceps.  Incise longitudinally with Metzenbaum scissors anterior and 
parallel to the phrenic nerve.  Extend the incision inferiorly to the diaphragmatic reflection and 
superiorly to the pulmonary hilum.  Lift the tip of the scissors laterally as the incision is made to 
avoid injury to the phrenic nerve and left atrial appendage.   

 
9. If hemopericardium is present, lift the heart from the pericardium and inspect for wounds.  Horizontal 

mattress suture, skin stapler, or Foley catheter balloons can be used for temporary tamponade.  If 
hemopericardium is not present, begin open cardiac massage. 

 
10. If resuscitative efforts are successful, transition to the OR for definitive repair of injuries and chest 

closure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
References 

Moore EE, Feliciano DV, Mattox KL. Emergency Department Thoracotomy. Trauma, 5th Edition. © McGraw-Hill Medical Publishing, pages 
239-253. 

  



 
 
 

138  |   Section IV   |   Neurologic    

 

 

 

Percutaneous Tracheostomy 
 
The percutaneous tracheostomy guideline was created to serve as one safe way to perform the procedure, 
minimizing potential morbidity and mortality. Appropriate patient selection is vital to success. After 
appropriate positioning, neck anatomy should be readily identified and mechanical ventilator 
settings/patient physiology stable. Chest radiograph is not required following placement. 
 
Procedure 
 Position the patient: Neck extended if applicable. Spine 

fracture not a contraindication. 
 Assure proper equipment (including rescue airway 

adjuncts) is available and ready. 
 Administer analgesia and sedation medications, 

including neuromuscular blockade. 
 Chlorhexidine skin prep and sterile draping (include 

chin and sternal notch in field for reference). 
 Identify landmarks, make appropriate skin incision. 
 Bluntly divide subcutaneous tissue, palpate planned 

tracheotomy site. 
 Insert flexible bronchoscope via existing ETT, partially 

deflate balloon, withdraw ETT to position tip just 
above planned tracheotomy site, reinflate balloon. 

 Maintain bronchoscope near end of ETT to visualize 
needle puncture of trachea in the midline, between 2nd 
or 3rd tracheal ring. 

 Use standard modified Seldinger technique to dilate 
and deliver tracheostomy tube in place. 

 Remove bronchoscope, leave ETT in place until new 
tracheostomy tube confirmed and secured. 

 Assure adequate chest rise, inspiratory and expiratory 
volumes on MV, no air leak or subcutaneous 
emphysema, etc. 

 Secure tube in place with interrupted Prolene suture 
and Dale 240 Blue® Velcro tracheostomy tie. 

 Properly dispose of sharps, monitor patient during 
recovery from analgesia/sedation agents. 

 Chest radiograph is not required following placement. 

Preparation
 Obtain informed consent 
 Assemble nursing, RT, faculty 
 Ensure ventilator in control mode 
 Assemble equipment 

o Bronchoscope & tower 
o Intubation kit 
o BVM, O2, Suction 
o Flexible ET adapter 
o Blue Rhino® kit (6 or 8) 
o Extra 6 or 8 tracheostomy 

tube 
 Analgesia, anesthesia medications 

o Fentanyl 200 mcg* 
o Versed 4 mg* 
o Vecuronium 10 mg* 

 Ensure monitoring is in place and 
readily visible during the procedure 

 Ensure normal coagulation 
parameters 

 Ensure tube feeds have been held for 
at least 2 hours 

 
Consideration 
 Electrocautery generator and 

equipment may be necessary, and 
should be available 

 
 
*Suggested doses, dosing may vary 
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Standard Tracheostomy & PEG Management 
 

Standard PEG Postoperative Management 
 PEG tubing should be minimally trimmed, and left long. 
 Connect tube to drainage bag (urinary collection bag) for 24 hours. 

o Essential medications may be given within the initial 24-hour period. 
 Following surgical team evaluation on morning rounds the next calendar day. 

o Tube feeding may begin at previous rate. 
 Examination should include evaluation of peritonitis, bleeding and tube malposition. 
 
 
Standard Tracheostomy Postoperative Management 
 All patients undergoing tracheostomy should be evaluated the following calendar day. 
 If hemostatic agent was utilized, it should be removed the following morning on rounds. 
 Tracheostomy tie should remain in place for 7 days. 

o If the tie requires exchange, it should be done by a member of the surgical team 
o Exchanges should be accompanied by airway adjuncts 
o Avoiding airway loss should be of paramount importance with an immature tract 

 The tracheostomy itself should not be exchanged within the first 7 days. 
 Sutures may be removed within 7 days. 
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Pulmonary Artery Catheter Insertion 
 
Indications 
 Shock – especially with arrhythmia, advanced age, or cardiac disease 
Contraindications 
 Absolute: Right-sided tumors, endocarditis, masses, free-floating thrombi 
 Relative: Left bundle branch block, tricuspid valve regurgitation or stenosis 

 
Pulmonary Artery Catheter (7.5Fr, 110cm) 
 Yellow port – distal 
 Blue & white ports – infusion ports proximal to tip (~30cm) 
 Red port – balloon port 

 
Procedure 
 Insert sheath introducer 
 Calibrate catheter, by connecting it to the monitor and placing the catheter tip at the level of the heart 

and ‘zero’ the pressure 
 Place the plastic sleeve (‘condom’) over the catheter 
 Advance the catheter approximately 15 cm and inflate the balloon 
 Right atrium waveform resembles CVP waveform 
 Right ventricular waveform has characteristic rapid upstroke and downstroke 
 Pulmonary artery waveform has a diastolic ‘step up’ 
 Pulmonary artery occlusion waveform is similar to the CVP waveform 
 Lock the catheter in place using the plastic sleeve locking device (yellow) 
 Record the insertion distance 
 Confirm placement with chest radiograph 

 
Tips 
 When advancing the catheter the balloon should be inflated 
 When withdrawing the catheter the balloon should be deflated 
 Long, slow, continuous advancements often have better results 
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PA Catheter Troubleshooting

Problem Possible Causes Troubleshooting

No RV 
Waveform 

Catheter in IVC, atrial coiling, 
tricuspid regurg 

Withdraw 10cm and reattempt 

No PA 
Waveform 

Coiled in ventricle Withdraw 10-20cm and reattempt 
Use slow, continuous advancement 

Heart Block Catheter-related arrhythmia Withdraw catheter into IVC, begin 
transcutaneous pacing/CPR if persists 

Air Embolus Air embolism Aspirate yellow port on withdrawal, 
place patient in Trendelenburg, right 
side up and supportive measures 

Dampened 
Waveform  

Incorrect scale selected on monitor 
Incorrect referencing 
Air in the system 
Spontaneous wedging of catheter 

Ensure correct scale  
Check pressure in bag 
Check for loose connections 
Remove air bubbles 
Flush system 

Overdamping  Compliant tubing 
Air, clots, or blood in system 
Loose connections 
Kinked catheter or against vessel wall 

Check tubing: no air, no clots, no blood 
Check for loose connections 
Flush tubing 
Perform square wave test 

Erratic 
Waveform 

Excessive catheter movement 
externally, or secondary to cardiac 
motion 

Secure external catheter, reposition 
catheter 

Spontaneous 
Wedge 

Advanced too far Reposition – withdraw until PA 
waveform  

Unable to 
Obtain Wedge 

Not advanced far enough, looped on 
itself, balloon ruptured 

Reposition or remove if balloon 
ruptured  

Overwedging 
(“Climbing 
waveform”) 

 

Excessive air volume is injected 
into the balloon 
Catheter is advanced too far 

Stop injecting air when waveform 
dampens 
Allow balloon passive deflation 
Reposition catheter 
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Vacuum-Assisted Wound Dressing Guidelines 
Vacuum therapy promotes healing by increasing blood flow to the wound bed, which increases the 
neutrophil-to-bacteria ratio and promotes granulation. They reduce contamination and effectively manage 
wounds with a large amount of effluent. 
 
Indications 
 Acute, post-surgical, traumatic, subacute, chronic and dehisced wounds 
 Partial thickness burns, and over skin grafts 
 Soft tissue ulceration (diabetic, pressure, venous insufficiency) 
Contraindications 
 Untreated osteomyelitis 
 Neoplastic wounds 
 Grossly contaminated wounds and fistulas 
 Do not place sponges directly over vessels, viscera or nerves 
 
Sponge Types 
 Black granulofoam:  Most common, wide variety of sizes and shapes 
 White foam:  Most dense, small pore size, may be inserted into tracking wounds 
 Silver foam:  Bactericidal up to 72 hours, limited to 2 weeks of therapy. Saline irrigation prior to 

application will deionize the silver and negate antibacterial properties 
 
Pearls and Troubleshooting 
 Vacuum dressings should be changed 2-3 times weekly. 
 Cut the suction pad hole in the occlusive dressing the size of a quarter. 
 If suction is lost during therapy, the entire dressing often requires removal and reapplication due to 

high risk for subsequent technical failure and increased ability for biofilm formation and infection. 
 Attempt to place only a single piece of sponge in the wound. If multiple fragments are necessary, 

secure them together with staples or suture, and write the number of fragments on the dressing. 
 When using vacuum therapy with exposed viscera or vessels, it is imperative that non-adherent 

petroleum gauze (Adaptic®) be placed directly on the exposed tissue prior to placing the sponge. 
Consider use of the white sponge in these instances. 

 When two wounds are bridged together, place the suction pad between the two wounds to avoid 
cross-contamination. 

 Protect surrounding skin with wound wipes, occlusive dressing or DuoDERM®  to avoid injury. 
 The V.A.C. machine is not MRI-compatible, however the sponge and dressing are MRI-compatible. 
 V.A.C. devices must be removed prior hyperbaric therapy. 
 Vacuum dressings should be removed prior to defibrillation or cardioversion. 
 Suction failure 

o First, ensure the machine is connected to an AC outlet. Second, restart therapy. If it fails 
again, listen for air leakage and patch. The dressing may require replacement if it continues. 

 Blockage alert 
o If a blockage is detected, first determine the cause. If bleeding is noted, the dressing should 

be removed, which may be best done in the operating room if bleeding is significant. To 
relieve the blockage, prep the connection between the machine and the sponge with 
chlorhexidine, and flush both sides in a sterile manner until cleared.  
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Bronchoalveolar Lavage 
 
Indications 
 Fever workup 
 Quantitative cultures for ventilator associated pneumonia 
 Non-resolving pneumonia 
 Diffuse lung infiltrates (interstitial and/or alveolar) 
 Suspected alveolar hemorrhage 
 Evaluation of infiltrate in an immunocompromised host 
 
Preparation 
 Notify bedside nurse and RT as early as possible 
 Obtain informed consent 
 Prepare bronchoscope, collection trap, and tubing 
 Prepare and apply monitors and 100% FiO2 
 Premedicate with bronchodilators as needed 
 Position patient and begin sedation 
 

Sedation/Analgesia: 

Midazolam 
1-2.5 mg IV 
 

Fentanyl 
50-100 mcg IV 
 

Vecuronium 
5-10 mg IV 
 

 Lidocaine 
4-5 mg/kg per ETT 
 
 

Technique 
 Place a bite block to protect the scope from damage. 
 Advance bronchoscope until wedged in a desired subsegmental bronchus at the desired location. 
 Perform the BAL preceding any other bronchoscopic procedure to avoid specimen contamination. 

o Avoid suctioning prior to obtaining BAL specimen. 
o If necessary, the suction channel should be thoroughly rinsed with NS prior to BAL. 

 Infuse 20 mL of saline with a syringe, observing the flow of saline at the distal tip of the 
bronchoscope. 

 Maintaining wedge position, apply gentle suction (50-80 mmHg), collecting the lavage specimen in 
the collection trap. 

 Repeat steps up to 5 times as needed (total 100-120 mL), to obtain an adequate specimen (40-60 mL) 
usually 40-70% recovery of total instillate). 

o Observe for flow of bubbles returning from the alveolar space. 
o Gentle re-orientation of bronchoscope tip may allow better return of fluid. 
o Distal airways may collapse at higher negative suction pressures. 
o Reduction in pressure or intermittent suctioning may help with distal airway collapse. 

 BAL specimen should be processed expeditiously (STAT gram stain and quantitative culture). 
 Observe for complications (minimum 1 hour): No complications (95%), transient fever (2.5%), 

bronchospasm (<1%), transient infiltrate or decrease in baseline PaO2. 
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Chest Tube Management 
 

Indications 
 Pneumothorax, hemothorax, large pleural effusion  
 Progression of occult pneumothorax 
 Occult pneumothorax > 1.6cm on CT 
 Deep sulcus sign 
 
Management 
 Place chest tube to suction x24 hours 
 If no signs of pneumothorax and no air leak, place to 

water seal 
 
Removal Criteria 
 No pneumothorax 
 No air leak 
 <1.5 mL/kg for 24 hours 
 
Removal Procedure 

1. Remove outer dressings 
2. Unwind and untie the suture. Place one throw in 

the suture and place the left index finger over the 
half-hitch. 

3. Patient takes a deep breath in and begins exhalation. Have the patient continue exhaling and 
perform Valsalva maneuver. At end expiration remove the tube quickly. 

4. As the tube is removed, push the soft tissue downward to occlude the incision using the left index 
finger, on the half-hitch. 

5. Make the next throw of the suture in the same direction as the first half-hitch. This will keep the 
incision closed by creating a slip knot. 

6. Finish tying the suture and dress the incision. 
7. Dispose of the collection system and tube properly. 

 
 
 
 
 
 
 
 
 
 
 
References 

Moore FO, Barnes SL, et al. Blunt traumatic occult pneumothorax: is observation safe? J Trauma 2011;70:1019-23. 

Bell RL, et al. Chest tube removal: end-inspiration or end expiration? J Trauma 2001 50:674-7. 



 
 
 

146  |   Section IV   |   Neurologic    

 

 

 



 
 

Neurologic   |   Section IV   |  147 

 

 

Cook® Tiger 2™ Nasojejunal Feeding Tube 
 

Early enteral nutrition is extremely important in the support and best possible outcome of seriously ill or 
injured patients. In accordance with our existing guideline “Nutritional Support in the Trauma & Surgical 
ICU,” enteral nutrition should be initiated within 48-72 hours of admission. Prolonged abnormal 
physiology or surgically altered anatomy may necessitate postpyloric or direct small bowel access. In 
these instances, the Cook®

 Tiger 2™ nasojejunal feeding tube is available.  
 
Patient Selection 
 Patients receiving gastric feedings have equivalent 

outcomes to those fed in the small bowel, thus an initial 
attempt at gastric feeds is warranted. This should be 
started within 48-72 hours of admission. 

 Patients who fail to tolerate gastric feeds after 48 hours 
should have post-pyloric access obtained. If patients still 
fail ≥ 50% of their goal rate by post-injury day 7, TPN 
should be instituted. TPN should be weaned off as soon as 
> 50% of enteral feeding is tolerated. 

 Those at high risk of pulmonary complications due to 
gastroparesis or reflux should receive feedings into the 
jejunum. 

 Patients with severe CNS injury who do not tolerate 
gastric feedings within 48 hours should have postpyloric 
access obtained. 

 For those requiring post-pyloric access, the Cook® Tiger 2 
nasojejunal feeding tube should be used. 

 Patients requiring laparotomy should have direct small 
bowel access obtained prior to definitive closure, using 
Corpak feeding tubes available in the operating suite. 

 
 
 
 

Insertion Procedure: 
 Apply lubrication to the distal end 

of the tube. 
 Advance the tube nasally or 

orally, initially 50-70 cm into the 
patient’s stomach. Confirmation 
can be done by insufflation and 
auscultation or by obtaining a 
plain radiograph. 

 Leave the tube in place for 30-60 
minutes. 

 Thereafter, advance the tube 
approximately 10 cm every 30-60 
minutes until the 100 cm mark is 
reached (if peristalsis is weak, 
consider advancing 10 cm every 
90-120 minutes). 

 Once at the 100 cm mark, obtain a 
plain radiograph to confirm post-
pyloric placement. 

 Pharmacologic agents may be 
used to increase peristalsis at the 
discretion of the SCCS physician. 

 Once placement is satisfactory, 
strongly consider securing in 
place with a bridle or 
commercially available securing 
system (AMTBridleTM, Applied Medical 
Technology, Inc., Brecksville, OH) 

 Remove in a slow, controlled 
manner. No other special 
precautions are required. 
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Section V: Appendix  
Non-Invasive Ventilator Initiation and Management 

Standardized Practice Guideline - Respiratory Care Services 

 
Approved 2/28/2007  
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Ventilator Initiation and Management—Adult Intensive Care 
 

Standardized Practice Guideline - Respiratory Care Services 
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Ventilator Management – ALI & ARDS 
Standardized Practice Guideline - Respiratory Care Services 

 

Approved 7/3/2011  
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Readiness to Extubate / Spontaneous Breathing Trial 
 

Standardized Practice Guideline - Respiratory Care Services 
 

 
 

Approved: 04/18/2007  
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Determination of Death by Neurological Criteria 
Surgical Critical Care Documentation 

 
POLICY: 
 If it is suspected that a patient has no brain activity, a brain death testing protocol should 

automatically begin (exception: family initiates withdrawal of treatment). 
 Brain death explanations and education to families should be provided by a physician and the 

patient’s bedside nurse. 
 The patient’s primary care team decides which service will perform brain death testing. 
 The service that performs the brain death exams is also responsible for educating the family, formally 

pronouncing the patient, and completing applicable documentation. 
 Brain death education to the family needs to occur prior to and separate from any organ donation 

discussions.  In the event the family initiates organ donation discussion the physician or bedside staff 
will contact the OPO to come on site and educate the family in organ donation, Effective Request 
Process).  

 It is reasonable for a physician to invite the organ donation coordinator with him/her to discuss brain 
death testing and/or results with families.  

 The OPO coordinator will then plan and initiate organ donation discussion after obtaining approval 
from the patient’s attending physician. In the case of first person authorization the OPO coordinator 
will notify bedside staff upon referral.  The OPO coordinator will notify attending physician the 
patient’s wishes to proceed with organ donation and a plan will be made for informed disclosure. 

 Any service can perform brain death testing and pronounce the patient. However, if a service prefers 
a neuroscience service, a formal consultation with physician-to-physician discussion about brain 
death testing plan shall ensue. 

 Apnea challenges are performed (only once) during all brain death exams on all patients (exception: if 
the patient is deemed they cannot tolerate the challenge. If this is the case, supportive documentation 
shall be made in the patient’s chart). 

 Confirmatory tests, such as cerebral perfusion scans, are not required. However, if it is ordered on the 
patient, an apnea challenge should occur first. 

 Confirmatory testing is required if an apnea test/or complete cranial assessment cannot be performed 
due to instability or patient injury. 

 Once a brain death testing plan is established, shared with the family, and started, it should be carried 
out and not changed in mid-stream (exception: the patient’s status or family’s status changes).  

 The Midwest Transplant Network Coordinator shall be present during and will always lead the 
donation discussion with families. 
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PROCEDURE:  
Determination of Death by Neurological Criteria 
 Complete cessation of all brain and brain stem functions 

o Coma as evidenced by no eye opening and no response to pain other than spinal reflexes. 
 Absent brain stem reflexes: 

o Pupillary reflex:  No response to bright light.  Round or oval pupils in midposition with 
respect to dilation (4 mm - 6mm), irregular, non-reactive. 

o Ocular movement:  provoked eye movements.  No eye movement in brain death.   
o The following procedures test the same cranial nerves (CN 8–CN 3, 4, 6).   

 Oculocephalic Reflex Response (Doll’s Eyes Phenomenon):  Rapid turning of the 
head.  Normal response - eyes turn together to side opposite from turn of head; absent 
reflex finds eyes turning with head movement.  Contraindicated to patients with 
spinal injury or to patients with uncleared c-spine. 

 Oculovestibular reflex (Cold Calorics):  Elevate the HOB 30 degrees. The tympanum 
must be irrigated with 50 ml of cold water.  Observe for three (3) minutes.  There 
should be no tonic deviation toward the cold stimulus. 

 Corneal reflex:  Touch the edge of the cornea with a swab to produce an adequate 
stimulus, such as a blink response.  Absent in brain death. 

 Oropharyngeal reflex (gag and cough):  Response after stimulation of the posterior 
pharynx with tongue blade or cough response to deep bronchial suctioning. 

 Apnea Challenge: Per Apnea Study for Brain Death Determination Policy  
o Stop the apnea challenge immediately and resume mechanical ventilation if: 

 Patient’s systolic blood pressure falls consistently below 90mmhg . 
 Patent’s oxygen saturation falls consistently below 90%. 

 Complete loss of brain and brain stem function must be irreversible. 
o Establish cause of coma. 
o Exclude complicating conditions: 

 Pharmacological and metabolic intoxication 
 Hypothermia 
 Shock 

 Appropriate period of observation before second clinical exam 
o 48 hours in infants up to two (2) months of age 
o 24 hours in those between two (2) months and one (1) year of age 
o Six (6) to 12 hours in children older than one (1) year of age 
o Six (6) hours in adults older than the age of 18 

 Confirmatory tests 
o Mandatory if unable to satisfy criteria or if any doubt exists 
o May shorten period of observation, particularly in children and young adults 
o May help family members understand and accept diagnosis 
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Examination Criteria for Brain Death Determination 
 
I.  Supporting Data 

 
First Exam 
 

 
Second Exam 
 

 Yes No Yes No 
Absence of shock, SBP ≥100 mmHg     
Core temperature > 36o  C     
Absence of drug intoxication, poisoning, or 
Neuromuscular agents 

    

Absence of sedatives/CNS depressants     

Absence of severe metabolic disturbances and/or 
severe electrolyte imbalance 

    

          
 
II.  Neurologic Exam 
 Mechanism of injury, CT results,   
 level of consciousness (narrative) 
_________________________________________
_________________________________________
_________________________________________ 

 
First Exam 
 
Date ___/___/___ 
Time _________ 
Examining physician: 
__________________ 
 

 
Second Exam 
 
Date ___/___/___ 
Time _________ 
Examining physician: 
_________________ 
 

 Present Absent Present  Absent 
Spontaneous movement/posturing     
Purposeful or Postural response to deep pain     
Pupillary response to light     
Corneal reflex     
Oculocephalic reflex      
Gag reflex     
Cough reflex     
Oculovestibular reflex (Cold calorics)     
Spontaneous respirations during apnea test PCO2 

Beginning CO2:_______ Peak CO2: ________ 
   

N/A 
 
N/A 

* 
Additional Confirmatory Tests if Applicable (not required) 

 Absence of cerebral blood flow on Nuclear Medicine study:   
     Yes     No     N/A     Date: ____/____/____ Time: ____:____ 

 Isoelectric EEG:   
Yes     No     N/A     Date: ____/____/____  Time: ____:____ 

 
This patient meets the criteria for brain death and is so declared. 
 
Approved: 02/19/2015     
 




