
Endocrine Response after 
Trauma – Surgeon View

Prof. Marius JB Keel, MD, FACS

Vice-Chairman

General, Trauma and Orthopedic Surgeon - EBSQ Traumatology
Head for Trauma, Pelvic and Spinal Surgery

Department of Orthopedic and Trauma Surgery 
University Hospital Bern, INSELSPITAL
Bern, Switzerland



„Killers“ in Polytrauma

• Head injury (66%)

• Hemorrhagic 
shock (21%)

• Sepsis, MOF  
(13%)

Keel et al. n=1191, 1.96-9.04; ISS≥17pts.

Coagulopathy
- Dilution

- Consumption

Massive 
transfusion 

≥ 10 U PRBCs in
first 24 hrs 

Ongoing bleeding
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Lethal Triad

Mortality (36%): 28% 33% 67%

Hemorrhagic Shock and Mortality

I
<750ml

-
-

n = 630

53%

II
750-1500ml
>100/min.

-
n = 368

31%

III/IV
>1500/2000ml

>120/min.
<90mmHg syst.

n = 193

16%

Keel et al. n=1191, 1.96-9.04; ISS≥17pts.



Pathophysiological Cascade

Endothelial/Parenchymal Cellular Damage

MODS/MOV

Neuroendocrine 
Reaction

Pain, Fear, Stress

Complement System Leucocytes-
Endothelial-
Interaction

PMN -
„Respiratory 

burst!

Coagulation Cascade

Acute Phase Reaction

Metabolic 
Disorder Kallikrein-Kinin-System

SIRS

Ag
TLymphocyte

Antigen Presentation

Antigen       Toxins
Tissue 

Damage

Macrophage

TNF-αααα, IL-1ββββ, IL-6, IL-8,  
IL-12, IL-18, MMF, HMG-1, 

G-CSF, GM-CSF, PGE2, 
LTB4, TXA2, PAF

TH1: IL-2, IFN-γγγγ, TNF-ββββ

Fractures BacteriaHypoxia/Hypotension

Keel, Trentz. Injury 2005; 36:691

CARS

Immuno-
suppression

Infection

TH2: IL-4, IL-10, IL-13, TGF-β

Organ/Soft Tissue Injuries



5

Multiple Organ Dysfunction 
Syndrome (MODS)

Host Defense Response
- reversible -

„Two Hit“ – Model
Keel, Trentz. Injury 2005;36:691

Moore et al. J Trauma 1996;40:501 

First Hits

-Hypoxia 
-Hypotension
-Organ injuries
-Soft tissue injuries
-Fractures

Systemic Inflammatory 
Response Syndrome (SIRS)

-Temperature 
-Pulse
-Breathing
-Leukocytes

Crit Care Med 
1992;20:864

Multiple Organ Failure (MOF)

Host Defense    Failure Disease - irreversible -+Bacteria

Sepsis

Second Hits

Endogen (antigenic): 
- Hypoxia
- Hypotension, Acidosis
- Ischemia/Reperfusion
- Cellular detritus
- Contamination/Infection

Exogen (interventional): 
- Surgery with blood loss, 
tissue damage, hypothermia

- Neglected/Missed injuries
- Prolonged diagnostic workup
- Massive transfusions



Hemorrhagic Shock – Morbidity
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• Inclusion: ISS ≥17 pts., survival >72 hrs

• N=972 (age: 40.2 y; ISS: 31.9 pts.; late mortality: 10.5%; blunt trauma: 91.4%)

• Hemorrhagic shock: I (n=582) – II (n=309) – III (n=56) – IV (n=25)

Lustenberger et al. Eur J Trauma Emerg Surg  2009



Damage Control – History – US Navy

• …keeping afloat a badly damaged ship by procedures
to limit flooding, stabilize the vessel, isolate fires and
explosions and avoid their spreading…



History: Damage Control Surgery

• Pringle-maneuver Pringle. Ann Surg. 1908; 48:541

• Intra-abdominal packing Feliciano et al. J Trauma. 1981; 21:285

• Damage Control as approach Rotondo et al. J Trauma. 1993; 35:375

• Early packing – outcome Garrison et al. J Trauma. 1996; 40:923

• Timing of fracture treatment – DCO (Damage Control 
Orthopedic Surgery) Pape et al. Am J Surg. 2002; 183:622



Strategies of Trauma Care
Primary survey

X-ray (thorax, pelvis)
+ FAST

versus Multislice CT 

Resuscitation: 
Preservation of
perfusion and
oxygenation

Vital functions?
Response?

Intensive 
care unit

Day-1-
surgery

Life saving 
surgery

_
„in extremis!

Early total care+

Physiologic
balance?
Scoring?

Ressources?

Secondary survey
X-ray (extremities)

Multislice CT

+

„responder!

?
„transient 

responder!

Damage control:
• Preemptive intervention

Damage control:
• Preemptive intervention

Keel, Labler, Trentz. 
Eur J Trauma 2005; 31:212

_
„borderline!

• „Bail-out! procedure

Delayed or 
Primary 

Definitive 
Surgery

(ETC) ?



Classification of Severely Injured Patients

Shock:
Blood pressure (mmHg)
Blood units
Lactate
Urine output (mL/h)

Pape, Giannoudis, Krettek, Trentz. JOT 2005; 19:551

>100
0-2
normal range
>150

80-100
2-8
approx 2.5
50-150

60-90
5-15
>2.5
<100

Stable Borderline Unstable In Extremis

<50-60
>15
severe acidosis
<50

Coagulation:
Platelet (/mL)
Fibrinogen (g/dL)
D-Dimer

>110,000
>1
normal range

90,000-110,000
approx. 1
abnormal

<70,000-90,000
<1
abnormal

<70,000
DIC
DIC

Temperature:
("Celsius) >34 33-35 30-32 <30

Injuries:
Lung function (PaO2/FiO2)

Chest (AIS)
Abdominal (Moore)
Pelvic trauma (AO)
Extremities (AIS)

>350
1 oder 2
<= II
A
1 oder 2

300
2 oder >2
<= III
B oder C
2 oder 3

200-300
2 oder >2
III
C
3 oder 4

<200
3 oder >3
IV
C
Crush













Damage Control Concept – Limitations of Second Hits

Stop the bleeding –
Life Saving Surgery
Damage Control Surgery (DCO)

• Surgical control of hemorrhage

• Angiographic control of hemorrhage 
(Transcatheter arterial embolisation (TAE))

• Massive transfusion protocols (MTPs)

• Correction of coagulopathy

• Correction of hypothermia

Mitigate the lethal triad –
Damage Control Resuscitation



Definitive Treatment of Trauma

Immune response -
Window of opportunity

Multidisciplinary approach

Trauma = Disease



World J Surg 2011 

Increased mortality !

Influence of Age on Damage Control Surgery ?



World J Surg 2011 

Identical morbidity if surviving 
the  early course !



Trauma Leader in 
• Acute Care
• Definitive Care

• Emergency Physician

• Acute care (general) surgeon

• Trauma surgeon (Unfallchirurg)

• Abdominal surgeon

• Orthopedic trauma surgeon

• Anesthesist

• ICU
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Glycemic Control in the 
trauma patient

M. Maggiorini

Medical Intensive Care Unit

University Hospital Zurich

RCT in Surgical patients
BG 80 - 110 mg/dl

vs.
BG 180 . 200 mg/dl

Glycemic control (< 110 mg/dl) in post 
cardiac surgery ICU patients

p < 0.01

ICU mortality ICU death according to disease severity

N = 1548N = 1548
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Insuline Therapy in Severe Sepsis
Brunkhorst et al NEJM 2008, 358:125

Brunkhorst et al NEJM 2008, 358:125

Insuline Therapy

P = 0.36
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VISEP 
Adverse & 
Serious 
Adverse 
Events

Brunkhorst et al 
NEJM 2008, 

358:125

NICE-SUGAR Trial
N Engl J Med 2009 360:1263

Rate of hypoglycemic events
• Conv. 0.5%
• Intens. 6.8%

Relationship between blood glucose and mortality
Leuven vs NICE-SUGAR studies

Van der Berghe G et. al. Nat Rev Endoc 2012 EPub

Wasen’t the NICE-SUGAR study underpowered to conclude on mortality?

NICE-SUGAR Trial
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Blood Glucose Levels in Trauma 
Patients on Admission

De La Rosa G. et al. 
J Trauma 2013 
74:270

Blood Glucose Levels in Trauma Patients on Admission

De La Rosa G. et al. J 
Trauma 2013 74:270

Systemic glucose 
levels in traumatic 

brain injury

Oddo M. et al CCM 2008 36:3222
Oddo M. et al CCM 2008 36:3222

Systemic glucose levels in traumatic 
brain injury
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Crit Care Med 2012; 40: 1923–1929 

Jeschke MG AJRCCM 2010 182:351

Jeschke MG AJRCCM 2010 182:351

Intensive insulin therapy my improve
morbidity in severe burn patients

Insulin sensitivity

Organ function

Body composition

Hyperglycemia

Falciglia et al.CCM 2009 37:3001

173 ICU in US
259’040 Admissions
Unadj. Mort. 11%
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Toxicity of hypoglycemia in the 
critically ill patient

Van der Berghe G et. al. Nat Rev Endoc 2012 EPub

Hyperglycemia
Nutrients
(Insuline)

(Grwoth factors)

Toxicity of hyperglycemia

 Possible factors

Oxydative stress

Endothelial dysfunction
 enhanced polyol activity, causing sorbitol and fructose

accumulation

 increased formation of advanced glycation end products

 activation of protein kinase C and nuclear factor-kappa-B

 increased hexosamine pathway flux

Enhance monocyte adhesion to endothelial cells

 Induce apoptosis

Blood Glucose Variability and Mortality

Glucose Variability Glucose liability Index & Mortality

Ali et al. CCM 2008 36:2316 Mutsushima K. et al. J Crit Care 2012 27:125

Glucose variability was significantly associated
with poorer long-term functional outcome in
patients with TBI as measured by the GOSE score.
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Blood glucose variability and Hospital mortality

Bagshow et al. Crit Care  2009  13:R91

Computerized Glucose Control

Automated Glucose control
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Glucose Control Unit Window
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Controlling target blood glucose level 
and variability

Standard Care MCP Algorithm

Hourly glucose measurements Computerized control

3 ICUs – RT post cardiac surgery

Comparison with an other Study center 
using the same device

Amrein K Diab Tech & Terap 2012

Insulin Therapy in the ICU
what should we aim for?

 Target

General: 6 – 9 mmol/l (108 – 160 mg/dl)

 to be adapted in selected groups of ICU patients

 Cardiac surgery patients with parenteral nutrition

 Brain trauma patients

 Burn patients

Decrease blood glucose variability

 Close-loop glycemic control

Control for hypo- and hyperglycemic events

Decrease blood glucose variability



Bern 28.2.2014 
Dr. Paul Kirchner 

Oberarzt Poliklinik für Endokrinologie und Diabetologie 
Inselspital Bern 

Endocrine response after trauma –  
the  endocrinologists‘  perspective  - 

focus on pituitary function 





Case report 1 

• 37yr old nurse, one daughter (10 yrs)  
• hospitalisation due to abdominal pain, vomiting 

– labor 
• Sodium 123mmol/l, Cortisol 42nmol/l  
• TSH 2.7mU/l (0.35-4.5) 

– MRI: empty sella 
• 2 weeks later on Endocrinology outpatient clinic 

– no symptoms  with 30mg hydrocortisone/day  
– labor 

• fT4 7.3 pmol/l (9.5-25), fT3 1.5pmol/l (2.9-6.5) 
• Oestradiol < 20pmol/l, LH 4.7 U/l, FSH 12.5 U/l 
• IGF1 <25ng/ml (94-252) 

– after delivery 10 years ago  
• heavy bleeding, severe headache, breastfeeding not possible 
• oligo-/amenorhea, fatigue, diminshed physical strength 

 
• Anterior Pituitary Insufficiency with subtle onset after Sheehan Syndrom 



 
 

 
• cortisol deficiency is a cause of hyponatremia 
• recognition of symptomatic pituitary insufficiency 

could be difficult 
• ischemia is a possible reason for pituitary 

insufficiency 
 
 
 

 





Case report 2 

• 29yr old soccer professional  
• diminshed physical strength over the last years, 

libido loss, erectile dysfunction 
• testis each about 10ml 
• labor 

– testosterone total 2.9nmol/l (12-22) 
– LH 1.3 U/l (1.7-8.6) 
– FSH 8.4 U/l(1.5-12.4) 

• other pituitary function normal  
• MRI sella: normal 

 
• Frequency of headers (500 per week) as cause of 

hypogonadotropic hypogonadism? 
 



 
 

 
• cortisol deficiency is a cause of hyponatremia 
• recognition of symptomatic pituitary insufficiency 

could be difficult 
• ischemia is a possible reason for pituitary 

insufficiency 
• shearing lesions after (repetitive) concussions are 

discussed as a possible reason for pituitary 
insufficiency 

• one low value does not define a hormone 
deficiency 





Cortisol after GST <450nmol/l 
Cortisol basal < 194nmol/l 





• 100 Patients after traumatic brain injury (TBI)  
– mean GCS 8.6, 33yrs, mortality 19% 

• vs. 15 Controls 
– patients after aortic surgery, 68yrs 

• Cortisol levels between 8 and 9 am 



Cortisol levels at 6am and 4pm 



two consecutive cortisol levels <415nmol/l 
one cortisol level < 138nmol/l (n = 13) 



• Methylprednisolon:  
– 1g during the first hour 
– 0.4g/h for 48 h 

• cumulative 50 000 mg hydrocortisone equivalent per day 
– about 2500 times the endogenous hydrocortisone production in healthy 

persons 



• 149 trauma patients, 84 (56%) with traumatic brain injury 
• definition adrenal insufficiency  

– cortisol < 415nmol/l OR  
– cortisol increase 60’  after  ACTH  stimulation < 250nmol/l  

• hydrocortisone treatment (started within 36 hours) 
– 200mg/d continously for 5d, 100mg/d on d6, 50mg/d on d7 
– started in all patients, stopped within 48h if no adrenal insufficiency 

• definition pneumonia 
– Temp > 38°C, Lc >12 G/l, Lc <4 G/l, purulent pulmonary secretions (2 out of 3) AND 
– cxr with new or changing infiltrate AND 
– culture of BAL >104 CFU/ml  





• 326 patients with traumatic brain injury (GCS < 8) 
• Hydro- and fludrocortisone treatment (started within 36 hours) 

– 200mg/d continously for 7d, 100mg/d on d8, 50mg/d on d9 + 50μg Fludrocortison/d for 10d  
– started in all patients, stopped within 48h if no adrenal insufficiency 

• Results (unpublished, in review) 
– 86  episodes of HAP were recorded in the steroid group, and 110 episodes in the placebo 

group  (respectively 0.5±0.6 and 0.7±0.7 HAP per patient; P=0.04). 
– no differences in other outcomes including mortality 
– results were not dependent on the adrenal status 



Take home 

• definition of hormone deficiency in ICU patients is difficult 
• hydrocortisone replacement therapy may be beneficial in 

patients with TBI regarding the incidence of HAP and 
hyponatremia 

• assessment of complete pituitary function in follow up of 
patients with TBI is senseful 


