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ABSTRACT 

Background: Trauma is a major cause of death and disability. Adverse events, such as 
prolonged prehospital time, hypoxia, hypotension and/or hyperventilation have been 
reported to correlate to poor outcome.  

Adequate cortisol levels are essential for survival after major trauma. In hypotensive 
critically ill patients, lack of sufficient amount of cortisol can be suspected, and a concept 
of critical illness related corticosteroid insufficiency has been proposed. Corticosteroid 
therapy has many adverse effects in critically ill patients and should only be given if life-
saving. Correct measurement of serum cortisol levels is important but difficult in critically 
ill patients with capillary leakage. Estimation of the free and biologically active cortisol is 
preferable. In serum less than 10% of cortisol is free and biologically active and not 
possible to measure with routine laboratory methods. Salivary cortisol can be used as a 
surrogate for free cortisol, but salivary production is reduced in critically ill patients. Liver 
resection could reduce cortisol levels due to substrate deficiency. 

Aims: 1. Evaluate the occurrence of early adverse events in patients with traumatic brain 
injury and relate them to outcome. 2. Assess cortisol levels over time after trauma and 
correlate to severity of trauma, sedative/analgesic drugs and cardiovascular function. 3. 
Evaluate if saliva stimulation could be performed without interfering with salivary cortisol 
levels. 4. Assess cortisol levels over time after liver resection in comparison to other major 
surgery.  

Results: There was no significant correlation between prehospital time 60 minutes, 
hypoxia (saturation <95%), hypotension (systolic blood pressure <90 mmHg), or 
hyperventilation (ETCO2 <4.5 kPa) and a poor outcome (Glasgow Outcome Scale 1-3) in 
patients with traumatic brain injury. Cortisol levels decreased significantly over time after 
trauma, but there was no correlation between low (<200 nmol/L) serum cortisol levels and 
severity of trauma. 

Infusion of sedative/analgesic drugs was the strongest predictor for a low (<200 nmol/L) 
serum cortisol. The odds ratio for low serum cortisol levels (<200 nmol/L) was 8.0 for 
patients receiving continuous infusion of sedative/analgesic drugs. There was no significant 
difference between unstimulated and stimulated salivary cortisol levels (p=0.06) in healthy 
volunteers. Liver resection was not associated with significantly lower cortisol levels 
compared to other major surgery. 

Conclusion: There was no significant correlation between early adverse events and 
outcome in patients with traumatic brain injury. Cortisol levels decreased significantly over 
time in trauma patients. Low cortisol levels (<200 nmol/L) were significantly correlated to 
continuous infusion of sedative/analgesic drugs. Saliva stimulation could be performed 
without interfering with salivary cortisol levels. Liver resection was not associated with low 
cortisol levels compared to other major surgery. 

 

Keywords: traumatic brain injury, multiple trauma, hydrocortisone, adrenal insufficiency, 
hypnotics and sedatives, citric acid, glycerol, saliva, liver, colorectal surgery 
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ABBREVIATIONS 

ACTH adrenocorticotropic hormone 

AIS Abbreviated Injury Score 

ATLS Advanced Trauma Life Support 

b.p.m. beats per minute 

CBG corticosteroid-binding globulin 

cFC calculated free cortisol 

CI confidence interval 

CIRCI critical illness related corticosteroid insufficiency 

CRH corticotropin-releasing hormone 

CRP C-reactive protein 

CT computerized tomography 

DHEA dehydroepiandrosterone 

DHEAS sulphated dehydroepiandrosterone 

ECG electrocardiogram 

ERAS Enhanced Recovery After Surgery 

ETCO2 end-tidal carbon dioxide 

GCS Glasgow Coma Scale 

GOS Glasgow Outcome Scale 

HDL high density lipoprotein 

HPA hypothalamic-pituitary-adrenal 

HR heart rate 

ICP intracranial pressure 

ICU intensive care unit 

ISS Injury Severity Score 

LDL low density lipoprotein 

OR odds ratio 

PHTLS Prehospital Trauma Life Support 

PT/INR prothrombin time including international normalized ratio 

SaO2 oxygen saturation 

SBP systolic blood pressure 

SOFA Sequential Organ Failure Assessment 

TBI traumatic brain injury 

UUH Umeå University Hospital 
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Don't let anyone rob you of your imagination, your creativity, or your curiosity. 

It's your place in the world; it's your life. 

Go on and do all you can with it, and make it the life you want to live. 

Mae C. Jemison 

 

INTRODUCTION  

In spite of progress in prevention of trauma, and improvement in trauma care, 
trauma is still a leading cause of death in the younger population, and is the 3rd 
cause of lost years in males in Sweden 2012 (National board of and Health and 
Welfare, causes of death, 2012). Sadly, there would never have been such a 
development in trauma care without war. Inventions, such as special vehicles for 
transportation of wounded soldiers, wound care, and treatment of shock has been 
made during repeated wars, and the skills and knowledge of traumatology have 
progressed (Mc Swain, 2005; Fallon, 1997).  

The development of advanced trauma life support (ATLS) and prehospital 
trauma life support (PHTLS) in the early 80’s strikingly affected trauma care and 
reduced number of deaths after trauma (Ali et al., 1993; Ali et al., 1997). In 
Sweden, the mortality after motor vehicle accidents has decreased by 2/3 since the 
late 80’s to 2012, but there is still a vast morbidity among survivors (National 
board of and Health and Welfare, causes of death, 2012; Malm et al., 2008).  

Mortality and morbidity may be dependent on pre-hospital care. ‘The golden 
hour’ is a concept defined as the time period when a trauma patient can be saved if 
appropriate care is provided (Cowley et al., 1979). In rural areas, pre-hospital staff 
may not even have reached patients during this golden hour. However, discovering, 
treating, and avoiding further adverse events, once patients are provided with care 
may prevent mortality and improve morbidity.  

The adrenal glands were first discovered in the 16th century, but its function 
was unknown for over 300 years (Hiatt and Hiatt, 1997). In 1901 adrenalin was the 
first adrenal hormone to be extracted, and in the 30’s cortical hormones were 
explored (Hiatt and Hiatt, 1997). Shortly thereafter Hans Selye described the 
General Adaptation Syndrome, where the stress response was described and the 
involvement of adrenal glands to this stress response was discovered (Selye, 1936). 
It was not until 1945 that synthesized cortisol was tested in humans (Hiatt and 
Hiatt, 1997). Since then steroids have been used for many purposes, but its role in 
critical care is still debated (Marik et al., 2008).  

When the discussion of ‘relative adrenal insufficiency’, a syndrome defined as 
a serum cortisol concentration inadequate relative to the severity of the illness 
started, it concerned septic patients. In 2008 a consensus statement for 
recommendations for the diagnosis and management of corticosteroid insufficiency 
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in critically ill adult patients in general was published, and the concept of critical 
illness related corticosteroid insufficiency (CIRCI) was born (Marik et al., 2008).  

Traumatic brain injury and pre-hospital events 

In patients with severe traumatic brain injury (TBI) threats to life can occur 
instantly due to loss of a potent airway. After minutes to hours lethal cerebral 
bleedings can appear, and after days a life-threatening brain swelling may take 
place (Mustafa and Alshboul, 2013). After trauma, the brain tissue destroyed by the 
immediate impact is impossible to save.  The early treatment must therefore 
concentrate on minimizing the secondary insults to the brain caused by 
hypotension, hypoxia, inadequate ventilation, or high intracranial pressure (ICP). 
The Brain Trauma Foundation has published guidelines for pre-hospital 
management of patients with TBI (Badjatia et al., 2008). Even though the strengths 
of recommendations are weak, and quality of evidence is low, it is currently a 
summary of the best knowledge there is.  

The incidence of hypoxia or hypotension has previously been stated to be 
associated with a poor outcome (Marmarou et al., 1991; Chesnut et al., 1993; 
McHugh et al., 2007; Chi et al., 2006). In TBI patients it is therefore of utmost 
importance to provide a functional chain of care, with adequate knowledge of the 
pathophysiological events, and the ability to correct adverse events whenever 
present.  

Adrenal function 

Hypothalamic-pituitary-adrenal axis 

Cortisol is the major glucocorticoid product of the hypothalamic-pituitary-
adrenal (HPA) axis. Together with the sympatho-adrenal system, the HPA axis is 
an essential part of the stress system, responsible for maintenance of basal and 
stress-related homeostasis (Selye, 1956). In the hypothalamus, corticotropin-
releasing hormone (CRH) is discharged into the hypophysial portal circulation in 
response to various stimuli (Tsigos and Chrousos, 2002). CRH stimulates the 
release of adrenocorticotropic hormone (ACTH) from the anterior pituitary, and 
ACTH will then induce steroid genesis in the adrenal gland. Secreted cortisol 
induces a negative feedback of further cortisol release (Fig 1). The release of 
cortisol has a diurnal rhythm, and levels peak in the morning, and reaches nadir at 
midnight (Liddle, 1966).  
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Fig 1. Activation of the hypothalamic-pituitary-adrenal axis (HPA axis) 

CRH is released from the hypothalamus into the hypophysial portal circulation and 
stimulates release of ACTH from the anterior pituitary gland. ACTH induces production of 
cortisol, DHEA and DHEAS from the adrenal cortex. The released cortisol exerts a 
negative feedback on the HPA axis. 

CRH=corticotropin-releasing hormone, ACTH= adrenocorticotropic hormone, DHEA= 
dehydroepiandrosterone, DHEAS= sulphated dehydroepiandrosterone 
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Glucocorticoid biosynthesis and metabolism 

Glucocorticoids are synthesized from cholesterol (Fig 2), and are metabolised 
by several enzymes (Fig 3). An irreversible inactivation is produced by 5- and 
5-reductases, while a reversible conversion between active cortisol and inactive 
cortisone is generated by 11-hydroxysteroid dehydrogenases. 

 

 
 

Fig 2. Biosynthesis of cortisol and DHEAS 

Cortisol and DHEAS are synthesized from cholesterol within the adrenal cortex. Enzymes 
are given in italic style.   
DHEA= dehydroepiandrosterone, DHEAS= sulphated dehydroepiandrosterone 
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Fig 3. Degradation of cortisol 

Cortisol can be converted into the inactive metabolite cortisone, or degraded in the liver 
into 5 tetrahydrocortisol or 5 tetrahydrocortisol. These metabolites are excreted mainly 
in the urine.  

 

Assessment of adrenal function 

The function of the HPA-axis can be assessed in many different ways, by 
measurement of cortisol in serum, saliva or urine, and by measuring ACTH or 
CRH.  

Blood samples 

When measuring cortisol levels in serum, total serum cortisol is assessed. 
Interpreting the results needs consideration of corticosteroid-binding globulin 
(CBG) levels, since reduced CBG and albumin levels may result in incorrectly low 
total serum cortisol levels (Bright and Darmaun, 1995).  

Total serum cortisol can also be measured after an ACTH stimulation test, 
where 1 mcg (low dose test) or 250 mcg synthetic ACTH (standard high dose test) 
is administrated, and total serum cortisol concentrations are measured before 
ACTH administration and after 30 or 60 minutes. A rise of total serum cortisol 
>550 nmol/L is considered to exclude primary adrenal insufficiency (Oelkers et al., 
1992). 

Free cortisol can be measured by equilibrium dialysis, not easily accessible and 
therefore not used in clinical routine, or calculated from total serum cortisol and 
CBG by Coolens’ formula (Coolens et al., 1987). Salivary cortisol can be used as a 
surrogate for free serum cortisol, since only the free, unbound fraction of cortisol 
passes from blood to saliva, and salivary cortisol thus correlates well with free 
cortisol (Arafah et al., 2007). 
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Saliva samples 

Since free cortisol diffuses freely into saliva, salivary cortisol is in equilibrium 
with free cortisol levels (Arafah et al., 2007). However, in critically ill or sedated 
patients, it may be difficult to produce sufficient amount of saliva for analysis 
(Estrada-Y-Martin and Orlander, 2011; Brorsson et al., 2014). 

Urine 

Urine is collected for 24 hours and provides an assessment of steroid 
production over this period. The validity of the result is dependent on normal renal 
function (Chan et al., 2004), and is influenced by increased fluid intake (Mericq 
and Cutler, 1998). The test is mostly used for diagnosis of hypercortisolism 
(Nieman et al., 2008).  

ACTH and CRH measurement 

Measurements of ACTH should be made in the morning, when peak values can 
be obtained, and is useful in diagnosis of adrenal insufficiency. Blood samples of 
ACTH may be unstable at room temperature, and it is therefore recommended to 
keep samples on ice until analysed. ACTH levels may also increase rapidly in 
response to stress, such as venipuncture (Meeran et al., 1993).  

Released CRH is rapidly absorbed in the hypothalamic-hypophysial portal 
plasma, and is barely detectable in peripheral blood (Latendresse and Ruiz, 2008). 
It is therefore of less importance when assessing adrenal insufficiency.  

DHEA and DHEAS 

Dehydroepiandrosterone (DHEA) and sulphated dehydroepiandrosterone 
(DHEAS) are released from the adrenal gland in response to ACTH and have been 
proposed as an additional marker of adrenal function (Arafah, 2006).  

Cortisol, DHEA and DHEAS are all synthesized from pregnenolone (Fig 2) 
(Bransome, 1968).  

Trauma and adrenal dysfunction 

The term CIRCI has replaced the former concept of Relative Adrenal 
Insufficiency (RAI). CIRCI is defined as an inadequate cellular corticosteroid 
activity for the severity of the patient’s illness (Marik et al., 2008). Although most 
research on CIRCI is performed in septic patients, some studies are performed in 
trauma patients. Still no clear limit for total serum cortisol values are elucidated 
and therefore results are diverse (Gannon et al., 2006). A CIRCI frequency of 60-
81% has been reported among trauma patients in prospective studies (Gannon et 
al., 2006; Offner et al., 2002). Serum cortisol has been found to increase 
immediately after trauma, and thereafter return to normal after several days (Offner 
et al., 2002). Hemorrhagic shock has also been associated with low cortisol levels 
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(Stein et al., 2013; Rushing et al., 2006). Results regarding mortality in trauma 
patients with adrenal insufficiency are diverse, and whether a low total serum 
cortisol value should be treated is still debatable (Walker et al., 2011; 
Guillamondegui et al., 2009; Offner et al., 2002). 

Liver failure and adrenal dysfunction 

Liver failure and adrenal dysfunction have been reported to be associated, and 
the concept of ‘hepatoadrenal syndrome’ has been presented (Marik et al., 2005). 

The incidence of adrenal insufficiency is high, 32-83%, however population of 
patients studied, and diagnostic criteria for adrenal insufficiency are diverse (Marik 
et al., 2005; Harry et al., 2002; Tsai et al., 2006; Harry et al., 2003; Fernandez et 
al., 2006). The mechanism for hepatoadrenal syndrome is unknown, but there are 
speculations that elevated pro-inflammatory cytokines, increased conversion of 
cortisol to cortisone, or adrenal haemorrhage may be involved (Marik and Zaloga, 
2002). Another possible mechanism may be a limited supply of substrate for 
cortisol synthesis, since the adrenal gland does not store cortisol and therefore is 
dependent on cholesterol resources (Marik, 2006). Cholesterol is synthesized in the 
liver and a major liver resection would therefore, theoretically, affect cholesterol 
levels (Kwiterovich, 2000). Albumin and CBG are also produced in the liver, and 
levels are therefore reduced in liver failure patients. Total serum cortisol 
estimations in patients with liver failure are therefore associated with several 
uncertainties. To assess the free biologically active cortisol levels, salivary cortisol 
measurement could  be the preferred method (Galbois et al., 2010). 

Background of the included papers 

Study I  

It is plausible that a patient’s outcome after severe TBI is dependent of the total 
chain of care, including pre-hospital events. Presence of adverse events such as 
hypotension, hypoxia and hyperventilation has previously been reported as strongly 
related to a poor outcome in TBI patients. However, the prevalence of pre-hospital 
adverse events in the rural area of northern Sweden was not known, and therefore 
this study was planned. 

Study II 

This study was designed due to an ongoing discussion regarding the occurrence 
of relative adrenal insufficiency in critically ill patients, and an increasing use of 
corticosteroids in circulatory unstable patients regardless of aetiology. Cortisol 
levels are not static, and CIRCI criteria are based on a single cortisol level obtained 
at any time. To investigate how time after trauma affected cortisol levels was 
therefore a primary aim. Sedation and analgesia reduces stress levels, and a 
secondary aim was to examine how cortisol levels were affected by continuous 
sedation and/or analgesia. 
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Study III 

Problems with collecting enough amount of saliva for salivary cortisol 
assessment in critically ill patients occurred in study II. This problem was 
especially common in severely injured patients, and early after trauma. To 
stimulate saliva production would therefore be desirable. A cotton tipped 
applicator, impregnated with glycerin and citric acid (Pagavit), is used in daily 
routine in the recovery room to stimulate saliva production, and is easy to use even 
in sedated patients. This device was therefore used to investigate if saliva 
production could be stimulated without affecting salivary cortisol levels.  

Study IV 

The origin of this study was the discussion of a concept of ‘hepatoadrenal 
syndrome’, leading to low cortisol levels, occurring in patients with different liver 
diseases. If the hepatoadrenal syndrome could be found after major liver resection 
has not previously been described. A major liver resection would theoretically 
affect cholesterol availability, since cholesterol is synthesized and stored in the 
liver. Cortisol levels after major liver surgery were compared to cortisol levels after 
hemicolectomy, another group of major surgery patients.  
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AIMS OF THE THESIS 

 

The specific aims of this thesis are; 

 

Paper I 

To determine the occurrence of adverse events (pre-hospital time 60 minutes, 
secondary referral to a level 1 trauma centre, oxygen saturation (SaO2)<95%, 
systolic blood pressure (SBP)<90 mmHg, end-tidal carbon dioxide (ETCO2) <4.5 
kPa, and heart rate (HR) >100/minute) before arrival at a level 1 trauma centre in 
patients with traumatic brain injury, and relate them to outcome. 

 

Paper II 

To evaluate changes in adrenal response over time after trauma, and to assess 
associations between total serum cortisol <200 nmol/L and; severity of trauma, 
continuous infusion of sedative/analgesic drugs, and cardiovascular dysfunction. 

 

Paper III 

To investigate if saliva stimulation with a cotton-tipped applicator containing 
glycerine and citric acid affects salivary cortisol levels in healthy volunteers. 

 

Paper IV 

To evaluate the occurrence of total serum cortisol <200 nmol/L after major liver 
resection (≥30%), compared to after hemicolectomy, and to assess associations 
between cortisol and cholesterol levels after major liver resection.  
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I am only one, but still I am one. 
I cannot do everything, but still I can do something; 
and because I cannot do everything, 
I will not refuse to do something that I can do. 
Helen Keller 

 

PATIENTS & METHODS 

Study Design 

Paper I is based on data from a prospective interventional randomized controlled 
study (ClinicalTrials.gov Identifier, NCT 01363583) originally designed to assess 
the effect of prostacyclin vs. placebo in severely injured TBI patients. Pre-hospital 
data, as well as data from the primary receiving hospital were collected.  

  

Paper II is a prospective, observational study of consecutive trauma patients 
arriving at Umeå University Hospital (UUH).  

 

Paper III is a prospective observational interventional study in healthy volunteers. 

 

 Paper IV is a prospective observational study in patients, scheduled for 
hemicolectomy or major liver resection (>30%). 

A schematic summary of study designs is given in Table 1. 



Patients and Methods 

19 

 

Paper Problem 
approached 

Study design Patients Study 
period 

Scoring 
Scales 
used 

Study  
parameters 

I Severe 
adverse 
events 
before 
arrival at a 
level 1 
trauma 
centre and 
relation to 
outcome 

Prospective 
observational 

48 adults 
with severe 
TBI 

Jan 
2002- 
Dec 
2005 

ISS, 
GCS, 
GOS 

Saturation, SBP, 
ETCO2, HR, pre-
hospital time, 
secondary referral 

II Cortisol 
levels over 
time after 
trauma and 
relation to 
clinical 
parameters 

Prospective 
observational 

50 adults 
after 
trauma 
alert 

Feb 
2008-
Jan 
2010 

ISS, 
GCS, 
SOFA 

Serum cortisol, 
salivary cortisol, 
DHEA, DHEAS, 
cFC, CBG, time 
after trauma, 
sedation/analgesia, 

III Salivary 
cortisol 
levels before 
and after 
saliva 
stimulation 

Prospective 
observational, 
interventional 

36 adults, 
volunteers 

Apr 
2012 

 Salivary cortisol 

IV Cortisol 
levels over 
time after 
surgery and 
relations to 
other 
laboratory 
and clinical 
parameters 

Prospective 
observational 

40 adults, 
scheduled 
for hemi-
colectomy 
or major 
liver 
resection 

Nov 
2008- 
Jun 
2012 

 Serum cortisol, 
salivary cortisol, 
DHEAS, lipids, 
bilirubin, PT/INR, 
CRP, albumin, 
time after surgery 

Table 1. Schematic summary of study characteristics in paper I-IV. 

TBI= traumatic brain injury, ISS= Injury Severity Score, GCS= Glasgow Coma Scale, 
SOFA= Sequential Organ Failure Assessment, GOS= Glasgow Outcome Scale, SBP= 
systolic blood pressure, ETCO2= end-tidal carbon dioxide, HR= heart rate, DHEA= 
dehydroepiandrosterone, DHEAS= sulphated dehydroepiandrosterone, cFC= calculated 
free cortisol, CBG= corticosteroid-binding globulin, lipids= high density lipoprotein, low 
density lipoprotein, cholesterol and triglycerides, PT/INR= prothrombin time including 
international normalized ratio, CRP= C-reactive protein.  

Study design - Paper I 

Before initiation of this study the Lund concept (Grände, 2006) was presented 
and discussed with staff attending to these patients in northern Sweden. 
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Anaesthesiologists and neurosurgeons from UUH visited the local hospitals and 
answered questions.  

All patients were followed from the scene of the accident until arrival at UUH. 
Pre-hospital notes from ambulances or helicopters were analysed, together with all 
records from the primary receiving hospital and secondary transportation. Glasgow 
Outcome Scale (GOS) assessed outcome. The occurrence of a single adverse event, 
defined as pre-hospital time ≥60 minutes, secondary referral to a trauma centre, 
SaO2 <95%, SBP <90 mmHg or ETCO2 <4.5 kPa was studied and related to 
outcome assessed by GOS. Data including vital parameters, medical assessments 
and treatment, time-points, type of transportation and diagnostic procedures at all 
times were collected, evaluated and related to outcome (Table 2).  

 

 Pre-hospital data Primary 
hospital data 

Secondary 
transportation data 

UUH 

Time-points 
documented 

Accident time 
Alarm time 
Arrival of pre-
hospital staff 
Time spent at 
accident scene 
Duration of 
transportation 

Time from 
arrival to CT-
scan 
 
Total time at 
primary hospital 

Duration of 
transportation 

 

Vital 
parameters 
documented 

HR, SaO2, SBP, 
ETCO2, LOC 

HR, SaO2, SBP, 
ETCO2, LOC 

HR, SaO2, SBP, 
ETCO2, LOC 

 

 
Other  
Documen-
tations 

 
- Type of 
transportation 
- Physician present 
at scene 
- Intravenous 
access or not 
- Fluids 
administered or not 
- Oxygen 
administered or not 
- Intubation or not 
-GCS at intubation 

 
Diagnostic 
procedures 
 
GCS at 
intubation 

 
Type of 
transportation 
 
Distance between 
primary hospital and 
UUH 

 
ISS 
 
 
GOS 

 
Table 2. Study design paper I. 

UUH= Umeå University Hospital, CT = computerized tomography, HR= heart rate, SaO2 

=oxygen saturation, SBP= systolic blood pressure, ETCO2=end-tidal carbon dioxide, LOC 
= Level of consciousness, measured by Glasgow coma scale, ISS= Injury severity score, 
GCS= Glascow Coma Scale, GOS= Glasgow outcome scale 
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Study design- Paper II 

When planning this study, all ambulance stations were visited and informed of 
the study. Staff at the emergency department, surgical wards and intensive care unit 
(ICU) at UUH was also informed of the study, and the study protocol was dis-
cussed. Whenever necessary, the study design was changed to fit local procedures. 

Cortisol levels in blood (total serum cortisol) and saliva (salivary cortisol) were 
measured at repeated time-points from time of impact (defined as T0) up to five 
days after trauma. For estimation of free cortisol, CBG was measured twice during 
the study period, and free cortisol was calculated using the Coolens’ equation, 
given in figure 4 (Coolens et al., 1987). As an additional measure of adrenal 
function DHEA and DHEAS was measured twice during the study period.  

 

cFC= √ ((z2 + 0.0122 * SC) –z) 
 
z=0.0167 + 0.182 (CBG – SC) 
 
cFC= calculated free cortisol 
SC= total serum cortisol 
CBG= corticosteroid binding globulin 

 
Fig 4. Coolens' equation 

 

For assessment of the effect of continuous infusion of sedative and/or analgesic 
drugs, all cortisol samples were labelled as ‘obtained during continuous infusion of 
sedative/analgesic drugs’ or ‘obtained during no continuous infusion of sedative/ 
analgesic drugs’. Cardiovascular dysfunction was assessed daily using the 
Sequential Organ Failure Assessment score (SOFA). The highest score each day 
was used, and cardiovascular dysfunction was defined as SOFA circulation score 
≥3. 

Using the mixed effect model, total serum cortisol levels were related to; time 
after trauma, severity of trauma, continuous infusion of sedative and/or analgesic 
drugs and cardiovascular dysfunction.  

Associations between total serum cortisol levels <200 nmol/L and; severity of 
trauma, continuous infusion of sedative/analgesic drugs or cardiovascular 
dysfunction were investigated by a logistic regression model.  

All cut-off values are given in Table 3, and a summary of all study samples is 
given in Table 4. 
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Laboratory 
parameter 

Male Female 

Total serum cortisol1 
(nmol/L) 

 
<200  

 
<200  

Salivary cortisol1 
(nmol/L) 

 
<7.7  

 
<7.7  

CBG2 
(mg/L) 

 
<22  

 
<40  

Calculated free cortisol3 
(nmol/L) 

 
<22  

 
<22  

DHEA4 
(nmol/L) 

<5.6  <5.6 6  
<1.0 7  

DHEAS5 
(mol/L) 

 
0.33-4.08  

 
0.44-5.78 

Table 3. Cut-off values used in paper II 
1 Lower morning reference value at the accredited laboratory at UUH,  
2 Lower reference value at the accredited laboratory at Sahlgrenska University Hospital 
laboratory, Gothenburg, Sweden, 3 from Annane et al., 2006, 4 lower reference values at the 
accredited laboratory of Molecular Endocrinology and Oncology, CHUL Research Center 
and Laval University, Quebec, Canada, 5 lower reference values at the accredited laboratory 
at UUH, 6 pre-menopausal, 7 post-menopausal, 8 age dependent 

 

 Total serum 
cortisol 

Salivary cortisol DHEAS* DHEA* CBG* 

Pre-
hospitally 

 During 
transportation 

   

ED At arrival At arrival    
0-24 h Every 12th 

hour at fixed 
time-points1 

Every 6th hour at 
fixed time-points1 

Morning 
sample2 

Morning 
sample2 

Morning 
sample2 

25-48 h Morning 
sample2 

Morning  
sample2 

   

49-72 h Morning 
sample2 

Morning  
sample2 

Morning 
sample2 

Morning 
sample2 

Morning 
sample2 

73-96 Morning 
sample2 

Morning  
sample2 

   

Table 4. Sample times for laboratory parameters in paper II. 

Time intervals represent time after trauma.  DHEAS= Sulphated dehydroepiandrosterone, 
DHEA= dehydroepiandrosterone, CBG= corticosteroid binding globulin, ED= emergency 
department.  *DHEAS, DHEA and CBG were only obtained in intensive care unit patients.  
1 samples were obtained at 6 am, 6 pm (total serum cortisol) or 6 am, 12 am, 6 pm, and 12 
pm (salivary cortisol). 2 morning samples were obtained at 6 am (intensive care unit), and 8 
am (surgical ward). 
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Study design - Paper III 

When designing this study, a laboratory physician and an endocrinologist were 
involved. Staff at UUH was informed of the study at staff meetings before 
recruiting volunteers.  

In healthy volunteers saliva production was stimulated by a cotton-tipped 
applicator with glycerine and citric acid (Pagavit®), and un-stimulated salivary 
cortisol levels were compared to stimulated salivary cortisol levels (Fig 5).  

 
Fig 5. Study design paper III 

 

Study design - Paper IV 

Before starting the study, surgeons and staff at the surgical wards, operating 
theatre, and recovery room was informed at staff meetings. When required, study 
design was changed to fit the local procedures.  

Total serum cortisol and salivary cortisol levels from before surgery up to four 
days after surgery in cancer patients scheduled for hemicolectomy or major liver 
resection was assessed. The cut-off for total serum cortisol was set at <200 nmol/L 
as described in paper II. The frequency of total serum cortisol <200 nmol/L in the 
two groups of patients was compared. Additionally lipids (total cholesterol, high 
density lipoprotein (HDL), low density lipoprotein (LDL) and triglycerides) were 
obtained to evaluate the eventual lack of substrate for cortisol production after 
major liver surgery, and DHEAS was analysed to further assess adrenal 
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dysfunction in the major liver resection group. An overview of the study samples is 
given in Table 5.  

 

 Hemicolectomy  
patients 

Major liver resection 
patients 

Day 0 
At inclusion 

 DHEAS, lipids,  
total serum cortisol 

Day 1 
Preoperatively 

Total serum cortisol, 
salivary cortisol, albumin, 
CRP 

Total serum cortisol, 
salivary cortisol, albumin, 
CRP 

Day 1 
Perioperatively 

Salivary cortisol every 2nd 
hour 

Salivary cortisol every 2nd  
hour, total serum cortisol 

Day 1 
Postoperatively 

Total serum cortisol, 
salivary cortisol, albumin, 
CRP 

Total serum cortisol, 
salivary cortisol, albumin, 
CRP, DHEAS, lipids, 
PT/INR 

Day 2 
Morning samples 

Total serum cortisol, 
salivary cortisol, albumin, 
CRP 

Total serum cortisol, 
salivary cortisol, albumin, 
CRP, DHEAS, PT/INR, 
bilirubin 

Day 3 
Morning samples 

Total serum cortisol, 
salivary cortisol, albumin, 
CRP 

Total serum cortisol, 
salivary cortisol, albumin, 
CRP, PT/INR, bilirubin 

Day 4 
Morning samples 

Total serum cortisol, 
salivary cortisol, albumin, 
CRP 

Total serum cortisol, 
salivary cortisol, albumin, 
CRP, DHEAS, PT/INR, 
bilirubin, lipids 

Day 5 
Morning samples 

Total serum cortisol, 
salivary cortisol, albumin, 
CRP 

Total serum cortisol, 
salivary cortisol, albumin, 
CRP, PT/INR, bilirubin 

 
Table 5. Study design paper IV 

DHEAS= dehydroepiandrosterone, CRP= C-reactive protein, PT/INR= prothrombin time 
including international narmalized ratio. Lipids= total cholesterol, high density lipoprotein , 
low density lipoprotein, triglycerides. 

Preoperative samples were obtained at the ward in the morning before surgery. 
Postoperative samples were obtained in the recovery room at 6 pm. 
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Patients 

Inclusion and exclusion criteria are given in Table 6. 

 Inclusion criteria Exclusion criteria 
Paper 
I 

Age 15–70 years 
Blunt head trauma 
Glasgow Coma Scale 
(GCS) ≤8 by the time of 
sedation and intubation 
Arrival at the level 1 trauma 
centre within 24 hours after 
the accident  
Cerebral perfusion pressure 
>10 mmHg at arrival 

Pregnant or breastfeeding women 

Paper 
II 

Activated trauma alert  
Age ≥18 years 
Admittance to the intensive 
care unit (ICU) or a surgical 
ward 

Known hypothalamic, pituitary, adrenal, 
or severe liver disease 
Treatment with glucocorticoids within 
12 months before trauma 
Current treatment with 
oestrogen/anticonceptives/antifungal 
drugs, pregnancy, or breastfeeding 

Paper 
III 

Age >18 years,  acceptance 
of participation in the study 

Known mucus membrane ruptures in the 
mouth 

Paper 
IV 

≥18 years  
Scheduled for 
hemicolectomy or liver 
resection ≥30% 

Known hypothalamic, pituitary, or 
adrenal disease  
Treatment with glucocorticoids within 3 
months before surgery  
Pregnancy or breastfeeding  
Current treatment with oestrogen, 
anticonceptives or antifungal drugs 

 

Table 6. Inclusion and exclusion criteria in study I-IV 

 

Patients - Paper I 

A total of 48 consecutive patients with severe TBI, defined as Glasgow Coma 
Scale (GCS) ≤8, at the time of sedation and intubation were included. All patients 
arrived within 24 hours to UUH, from January 2002 to December 2005. Patients 
with GCS 3 and non-reactive dilated pupils at admittance were included.  

Patients – Paper II 

In all 50 consecutive adult trauma patients admitted to UUH after a trauma 
alert were included from February 2008 until January 2010. All patients were 
treated at UUH, Sweden.  
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Patients – Paper III 

Totally 36 volunteers, recruited from hospital staff at UUH, Sweden, 
participated.  

Patients – Paper IV 

Patients scheduled for hemicolectomy (n=25) or major liver resection (n=15) 
was included. Patients were consecutively enrolled from November 2008 until 
February 2010 (hemicolectomy) and from December 2010 until June 2012 (liver 
resection). All patients were treated at UUH, Sweden.  

Treatment and monitoring 

In paper I, patients with severe TBI were pre-hospitally treated according to 
the PHTLS® concept. At the primary receiving hospital patients were managed as 
described in the principles of ATLS®. A trauma computerized tomography (CT) 
scan was performed at the primary receiving hospital as soon as possible, before or 
after intubation, at the discretion of the treating physician. At UUH, a level 1 
trauma centre, an ICP targeted protocol, based on the principles of the Lund 
concept was used (Grände, 2006). Non-invasively, or invasively (by an arterial 
line) SBP was measured. SaO2 was recorded by pulsoxymetry. HR was assessed by 
electrocardiogram (ECG), pulsoxymetry, or by palpation, as suitable. ETCO2 was 
assessed with accessible equipment. 

The trauma patients in paper II were treated according to the PHTLS ® and 
ATLS® concepts. Patients with TBI were treated with an ICP-targeted therapy 
(Grände, 2006). If patients were in need of continuous sedation and/or analgesia it 
was provided by using propofol, midazolam, morphine or fentanyl intravenously, 
or by bupivacain with or without adrenalin and/or fentanyl epidurally. SBP was 
measured non-invasively at the surgical ward, and invasively or non-invasively in 
the ICU. Hypotension was treated with norepinephrine or dobutamine when 
considered necessary. A trauma CT-scan was performed for diagnosis of traumatic 
injuries. 

In paper IV, two groups of patients were included. Patients scheduled for 
hemicolectomy were treated according to the Enhanced Recovery After Surgery 
(ERAS) concept (Fearon et al., 2005). Major liver resection patients followed a 
local protocol. In this protocol volume replacement was provided by albumin 4% 
or 20% (CSL Behring, USA), plasma or red blood cells. Fresh frozen plasma was 
also administered if the prothrombin time including international normalized ratio 
(PT/INR) was >1.8. In both groups anaesthesia induction was performed with 
propofol or thiopental. Postoperative pain management was achieved by 
continuous infusion of analgesia epidurally in hemicolectomy patients, while liver 
resection patients received patient controlled analgesia with opioids intermittently. 
Vital parameters were assessed with available equipment before, during, and after 
the procedure.  
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Laboratory analyses 

All blood samples were obtained according to sample routine procedures at the 
emergency department, ICU, operating theatre, and the surgical wards. Analyses 
were performed in the accredited laboratory at UUH, except for CBG (Sahlgrenska 
University Hospital laboratory, Gothenburg, Sweden), and DHEA (Laboratory of 
Molecular Endocrinology and Oncology, CHUL Research Center and Laval 
University, Quebec, Canada). 

Total serum cortisol was analyzed immediately at the laboratory using an 
immunoassay method (Roche Elecsys reagents on Modular E170 analyser).  

Salivary cortisol was in paper II and IV, always obtained before breakfast or 
morning toilet. If patients were conscious, samples were obtained by chewing the 
cotton roll until soaked with saliva. If patients were sedated or unconscious, the 
cotton roll was placed in the buccal cavity until estimated sufficient amount of 
saliva was collected. In paper III salivary cortisol was obtained before and after 
saliva stimulation.  

The tubes were either transported directly to the laboratory (paper II and IV), 
or immediately frozen and the day after sampling transported to the laboratory 
(paper III), where the saliva was extracted from the cotton roll by centrifugation at 
2000 g. Thereafter the samples were analysed by using Spectria Cortisol RIA 
(Orion Diagnostica). 

 Blood samples for analysis of CBG were immediately centrifuged at 3000 g 
for 15 minutes, and stored in -70° until transported to the laboratory at Sahlgrenska 
University Hospital laboratory, Gothenburg, Sweden, and analysed with a 
radioimmunoassay method (Biosource, Lifescreen, Watford, Herts, UK). 

Calculated free cortisol (cFC) was computed from CBG and total serum 
cortisol using Coolens’ equation (Coolens et al., 1987).  

DHEAS was analysed using an immunoassay method, Roche Elecsys reagents 
on Modular E170 analyser. The samples were immediately analysed at the 
laboratory. 

DHEA samples were immediately centrifuged at 3000 g for 15 minutes, and 
stored in -70° until transported to CHUL Research Center and Laval University, 
Quebec, Canada and analysed by mass spectrometry.  

Total cholesterol, HDL and triglycerides were analysed by Ortho Vitros CHOL 
slides and dHDL slides on Ortho Vitros 5.1 FS analysers.  

LDL was calculated by the Friedewald formula (Friedewald et al., 1972). 

C-reactive protein (CRP), albumin, bilirubin and PT/INR, were obtained 
according to hospital standard procedures, and analysed by standard laboratory 
procedures.  
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Scoring 

Glasgow Coma Scale (GCS) was used for assessment of level of consciousness 
(paper I-II). This scale provides information about eye movements, motor 
response, and verbal response (Teasdale and Jennett, 1974). The best motor score 
is used when calculating the total score (Table 7). 

 

Score Eye opening 
(E) 

Best motor response 
(M) 

Verbal response 
(V) 

6  Obeys commands  
5  Localizes pain Oriented 
4 Spontaneous Flexion, withdrawal Confused conversation 
3 To speech Abnormal flexion Inappropriate words 
2 To pain Extension Incomprehensible sounds 
1 None None None 

 

Table 7. Glasgow Coma Scale 
GCS Score= (E+M+V); Best possible score =15; Worst possible score =3. 

 

Sequential Organ Failure Assessment (SOFA) score was created in 1994, and 
revised in 1996 (Vincent et al., 1996). SOFA scores six different organs and their 
dysfunction/failure daily. Each organ is graded from 0 (normal) to 4 (most 
abnormal). 
In paper II SOFA was used for assessment of circulatory failure (Table 8). 
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SOFA score 0 1 2 3 4 
Respiration 
PaO2/FiO2 (mmHg) 
SaO2/FiO2 

 
>400 
 

 
<400 
221-301 

 
<300 
142-220 

 
<200 
67-141 

 
<100 
< 67 

Coagulation 
Platelets 103/mm3 

 
>150 

 
<150 

 
<100 

 
<50 

 
<20 

Liver 
Bilirubin (mg/dL)† 

 
<1.2 

 
1.2-1.9 

 
2.0-5.9 

 
6.0-11.9 

 
>12.0 

Cardiovascular* No 
hypotension 

MAP<70 
mmHg 

DA≤5 or 
DoA any 
dose 

DA>5 or 
E≤0.1 or 
NE≤0.1 

DA>15 
or 
E>0.1 or 
NE>0.1 

CNS  
GCS 

 
15 

 
13-14 

 
10-12 

 
6-9 

 
<6 

Renal 
Creatinine 
(mg/dL)†† 
Urine output (mL/d) 

 
 
<1.2 

 
 
1.2-1.9 

 
 
2.0-3.4 

 
 
3.5-4.9 
or <500 

 
 
>5.0 
or <200 

 

Table 8. The Sequential Organ Failure Assessment (SOFA) score. 
PaO2= partial pressure of oxygen, FiO2= fraction of inspired oxygen, SaO2= oxygen 
saturation, † to convert bilirubin from mg/dL to µmol/L, multiply by 17.1. 
* Adrenergic agents administered for at least 1 hour. Doses are given in µg/kg/minute. 
MAP= mean arterial pressure. DA=dopamine, DoA= dobutamine, E= epinephrine,  
NE= norepinephrine. CNS= central nervous system. GCS= Glasgow Coma Scale. †† to 
convert creatinine from mg/dL to µmol/L multiply by 88.4. 

 

Injury Severity Score (ISS) assessed the severity of injury in paper I-II (Baker 
et al., 1974). ISS is an anatomical scoring system. Each injury gives an 
Abbreviated Injury Scale (AIS) score, allocated to one of six body regions (head, 
face, chest, abdomen, extremities including pelvis, and external). The highest score 
in each body region is used, and the three highest AIS scores are squared and added 
together to give the ISS. 

Glasgow Outcome Scale (GOS) describes functional outcome after brain 
injury, and was used in paper I to assess outcome after severe TBI (Jennett and 
Bond, 1975). GOS was performed three months after trauma by independent staff 
(Table 9). 
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1 Death  
2 Persistent 

vegetative 
state 

Unable to interact with environment, 
unresponsive 

3 Severe 
disability 

Able to follow commands, unable to 
live independently 

4 Moderate 
disability 

Able to live independently, unable to 
return to work or school 

5 Good 
recovery 

Able to return to work or school 

Table 9. Glasgow Outcome Scale 

Statistics 

In all papers statistics were calculated using PRISM version 5.0 (Graph Pad 
Software. Inc., La Jolla, CA, USA). In paper II-III additional statistic analyses 
were performed with the SPSS software version 19.0 (SPSS Inc, Chicago, IL, 
USA). All data are given as median (range), percentage, or mean ±SD. To compare 
categorical data between groups the Fisher’s exact test was used, and the non-
parametric Mann-Whitney U-test was used to compare continuous data between 
groups. Spearman’s rank correlation was used for correlations. A p-value <0.05 
was considered as significant. 

Statistics - Paper I 

Fisher’s exact test was used for comparison between favourable/unfavourable 
outcome or dead/alive and; pre-hospital time more or less than 60 min, intubation 
at accident site or not, fluid administration pre-hospitally or not, SaO2 more or less 
than 95%, SBP more or less than 90 mmHg, HR more or less than 100 beats per 
minute (b.p.m.), or ETCO2 more or less than 4.5 kPa. The non-parametric Mann-
Whitney U-test was used for comparison of; GCS, ISS or GOS between; intubated 
or not intubated patients, pre-hospital time more or less than 60 minutes, SaO2 
more or less than 95%, SBP more or less than 90 mmHg and secondary 
transportation performed or not. A logistic regression analysis was used to evaluate 
the prognostic values of the pre-hospital data.  

Statistics - Paper II 

The non-parametric Mann-Whitney U-test was used for comparisons of age, 
ISS and minimum total serum cortisol (both during the first 24 hours and in 
morning samples) between patients treated at the ICU or surgical ward. Fisher’s 
exact test was used for comparison between patients treated in the ICU or surgical 
ward and; gender, cause of accident, injuries, and total serum cortisol more or less 
than 200 nmol/L (both during the first 24 hours and morning values). For 
comparison of laboratory parameters from one patient at two different time-points 



Patients and Methods 

31 

(CBG, DHEA and DHEAS), the Wilcoxon signed rank test was used (paired t-
test). Spearman`s rank correlation was used for correlations between total serum 
cortisol and; saliva cortisol, calculated free cortisol, DHEAS and DHEA. P-values 
were reported as double the one-tailed probability.  

Two different multivariable tests were used; when total serum cortisol were 
presented as a continuous variable the mixed effect model was used, and when total 
serum cortisol was dichotomized to more or less than 200 nmol/L a logistic 
regression model was used.  To adjust for correlations over time, a first-order 
autoregressive residual covariance structure with heterogeneous variances was used 
in the mixed effect model, while the generalized estimating equation with an 
unstructured correlation structure was used in the logistic regression model. Results 
from the multivariable analyses were presented as mean ±SE and 95% CI. 

Statistics - Paper III 

Fisher’s exact test was used to compare gender distribution in morning and 
evening volunteers. The non-parametric Mann-Whitney U-test was used to 
compare age and BMI distribution between morning and evening volunteers. 
Spearman’s rank correlation was used for comparison of stimulated and non-
stimulated salivary cortisol levels.  

Differences between sample 1 and sample 2 increased as salivary cortisol 
levels increased. Under these circumstances it can be preferable to use logarithmic 
transformation of the measurements (Bland and Altman, 1999). All salivary 
cortisol values were therefore logarithmically transformed. To compare salivary 
cortisol values before and after saliva stimulation, a mixed-effect model was used. 
Time of sampling (morning/evening) and sampling type (before/after saliva 
stimulation) were fixed effects while individual and time of sampling within 
individual were random effects. Goodness of fit was evaluated by investigating the 
residuals.  

Statistics - Paper IV  

The non-parametric Mann-Whitney U-test was used to compare serum cortisol, 
albumin, CRP, and sample time between hemicolectomy and liver resection 
patients. It was also used to compare DHEAS, cholesterol, LDL, HDL and 
triglycerides pre- and postoperatively in liver resection patients. Additionally it was 
used to compare bilirubin, PT/INR, serum cortisol, DHEAS, total cholesterol, 
HDL, LDL and triglycerides between patients with ≥60% liver resection to <60% 
liver resection. 

Fisher’s exact test was used for comparison between occurrence of 
postoperative serum cortisol < 200 nmol/L or ≥200 nmol/L and; hemicolectomy or 
liver resection, total cholesterol below/not below cut-off values, LDL below/not 
below cut-off values, and HDL below/not below cut-off values. Spearman`s rank 
correlation was used for correlations between total serum cortisol and; salivary 
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cortisol, DHEAS, total cholesterol, LDL, HDL, and triglycerides. It was also used 
for correlations between DHEAS and; total cholesterol, LDL, HDL and 
triglycerides. 

Ethical considerations 

The Regional Research Ethics Committee of Umeå, Sweden approved the 
study (00-175, paper I). 

The Regional Ethical Review Board at Umeå University, Sweden approved the 
study, and the use of delayed informed consent for inclusion of patients not capable 
to approve in the acute phase (07-106M, paper II and IV).  

The Regional Ethical Review Board at Umeå University, Sweden, approved 
the study (2012-16-31M, paper III). 

Including patients not aware of being included in clinical studies requires a 
balance between hazard for the patient and benefit of the study to be considered. 
The regional ethical review board conducts this judgement.  

New knowledge about this group of patients is needed, and not including the 
patients most severely injured, or critically ill, will affect study results.  

In these studies blood and saliva samples were obtained from the patients, and 
the next of kin was informed of the inclusion. If possible, patients were informed 
after recovery, and the possibility to be excluded was presented. 
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Hard work keeps the wrinkles out of the mind and spirit. 

 Helena Rubenstein 

 

RESULTS 

Severe traumatic brain injury: consequences of early adverse events 

(Paper I) 

Forty-eight consecutive patients with severe TBI, admitted to UUH from 
January 2002 to December 2005, were studied. Of all patients 65% (31/48) were 
male, and the median age was 30 (15-63) years. The median ISS was 29 (9-50) and 
median GCS at intubation was 6 (3-8). Related injuries and causes of injury are 
given in figure 6 and 7. There were no statistically significant differences in the 
basic characteristics (age, gender, GCS, ISS) or outcome (GOS) at 3 months 
between the two treatment groups: prostacyclin (n=23) and placebo (n=25) and 
therefore the study population could be considered as one group for this study 
(Olivecrona et al., 2009).  

 

 
Fig 6. Related injuries. 

Bars represent percentage of patients with injuries. One patient could have more than one 
injury.  Thoracic injuries 23/48 patients (48%), long bone/pelvic fracture 3/48 patients 
(6%), abdominal injuries 4/48 patients (8%), spinal injuries 16/48 patients (33%). 
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Fig 7. Causes of injuries. 

64% Motor vehicle accident (31/48 patients),  21% Fall (10/48 patients),   
15% Other causes (7/48 patients).  Percentage of different causes is given outside each 
section. 

Results from the scene of the accident and during primary transportation 

Median pre-hospital time before arrival at the primary hospital was 60 (15-230) 
minutes. Differences of time spent at scene and during primary transportation in 
intubated and not intubated at scene are given in table 10. Three patients had 
cardiac arrest at scene, 2/3 were intubated at scene. Hypotension (<90 mmHg) was 
recorded in 10/38 (26 %) patients, and hypoxia (SaO2<95%) in 16/41 (39 %) 
before arrival at the primary hospital. There was no significant difference in GCS 
or ISS between patients who were pre-hospitally hypotensive or hypoxic, 
compared to patients who were not.  

 

Time spent at; Intubated at 
scene 

Not intubated 
at scene 

p-value 

Accident site, minutes 
Median (range) 

 
34.5 (18-71) 

 
12.5 (3-44) 

 
<0.0001 

Primary transportation, minutes 
Median (range) 

 
35 (8-57) 

 
10 (1-98) 

 
<0.0005 

 

Table 10. Differences in time between intubated and not intubated patients.  
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Results from the primary hospital 

UUH was the primary hospital for 13/48 (27%) of the patients, while 35/48 
(73%) arrived to another primary hospital. The median time spent at primary 
hospital for patients later transferred was 224 (54-990) minutes. Before referral all 
patients were intubated. Ambulances, helicopters or fixed wing transportation was 
used for secondary referral (Fig 8).  

 
Fig 8. Mode of transportation for secondary referral. 
Percentage for each type of transportation for secondary referral is given outside each 
section. 17 % ambulance (6/35 patients), 72% helicopter (25/35 patients), 11% fixed wing 
(4/35 patients) were used for secondary referral. 

Outcome 

Outcome was evaluated 3 months after the accident with GOS. Of the 48 
patients, 6/48 (13%) patients died (GOS 1), and 25/48 (52%) patients had a 
favourable outcome (GOS 4-5).  

There was no statistically significant association between prehospital time 60 
minutes or secondary referral to the level 1 trauma centre and unfavourable 
outcome (GOS 1-3). There was further no significant association between; SBP 
<90 mmHg, SaO2 <95%, ETCO2 <4.5 kPa, HR >100 b.p.m. before arrival at the 
level 1 trauma centre and unfavourable outcome (GOS 1-3). 
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Adrenal response after trauma is affected by time after trauma and 
sedative/analgesic drugs 

(Paper II) 

Fifty adult trauma patients who arrived at UUH after a trauma alert were 
consecutively included from February 2008 to January 2010. Of all patients 78% 
(39/50) were male, and the median age was 48 (18-91) years. One patient was 
excluded after 24 hours due to hydrocortisone administration. Cause of injury and 
type of injuries are given in figure 9 and 10. 

 

 
 

Fig 9. Causes of injury. 

68% Motor vehicle accident (34/50 patients),  14% Fall (7/50 patients),   
2% Penetrating injury (1/50 patients),  16% Other (8/50 patients) 

 



Results 

37 

 
Fig 10. Distribution of injuries 

Bars represent percentage of different injuries. One patient could have more than one 
injury.  Thoracic injuries 30/50 patients (60%), abdominal injuries 9/50 patients (18%),  
traumatic brain injury 11/50 patients (22%), spinal injury 7/50 patients (14%),  
long bone/pelvic fracture 9/50 patients (18%). TBI= traumatic brain injury. 

 

Effect of time 

In the multivariable analysis there was a significant decrease in total serum 
cortisol levels, both during the first 24 hours (p=0.02) and in morning samples 
from 0-24 hours to 73-96 hours after trauma (p=0.003), figure 11. Salivary cortisol 
could not be included in the multivariable analyses due to blood contamination and  
difficulties to obtain enough amount of saliva, hence only 92/219 (42%) of the 
samples could be analysed. At two time-points during the study period, cFC was 
calculated, and there was a significant decrease in cFC (p=0.01) over time. DHEA 
and DHEAS were also obtained twice during the study period, and a significant 
decrease was observed over time, DHEA, 14 (3-53) nmol/L to 3 (1-15) nmol/L, 
p=0.01, and DHEAS, 3.9 (1.9-15.5) µmol/L to 2.4 (0.6-10.0) µmol/L, p=0.03. 
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Fig 11. Total serum cortisol (nmol/L) over time after trauma.  

Bars represent mean±standard error of mean. Numbers of samples are given within bars. 
* p=0.02, ** p=0.003 

Effects of injury severity 

During the first 24 hours patients with more severe injuries (ISS ≥16) had a 
higher mean total serum cortisol compared to patients with less severe injuries 
(ISS<16), p=0.01. After 24 hours there was no significant difference in morning 
total serum cortisol levels between patients with ISS more or less than 16. There 
was no significant association between total serum cortisol <200 nmol/L and ISS 
16. 

Effects of sedative/analgesic drugs and circulatory failure  

The risk for total serum cortisol to be <200 nmol/L were 8 times higher if 
samples were obtained during continuous infusion of sedative/analgesic drugs, 
compared to if samples were obtained without continuous infusion of 
sedative/analgesic drugs. In patients with a SOFA circulation score ≥3 the odds 
ratio (OR) for total serum cortisol to be <200 nmol/L was 5 (Table 11). Patients 
with SOFA circulation score ≥3 had a continuous infusion of sedative/analgesic 
drugs in 26/29 (90%) occasions. All of the remaining 3/29 (10%) occasions with 
SOFA circulation score ≥3 without continuous infusion of sedative/analgesic drugs 
occurred during the first 24 hours. 
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Parameter OR 95% CI p-value 
Sedated/unsedated1  8 2-30 0.003 
Circulatory failure/no circulatory failure2 5 1.73-14.49 0.003 

 
Table 11. OR for total serum cortisol <200 nmol/L 
1Each sample was labelled as obtained during continuous infusion of sedative/analgesic 
drugs (sedated), or obtained during no continuous infusion of sedative/analgesic drugs 
(unsedated). 2 Circulatory failure was defined as SOFA circulation score  ≥3, and no 
circulatory failure was defined as SOFA circulation score <3. OR= odds ratio, CI= 
confidence interval. 

Correlations 

Total serum cortisol correlated significantly with salivary cortisol (rs 0.50, 
p=0.002), cFC (rs 0.95, p<0.0001), DHEAS (rs 0.36, p=0.048) but not with DHEA 
(rs 0.39, p=0.07) in samples simultaneously obtained (Fig 12 a-d). 

Mortality 

3/50 (6%) patients died during the study period, none of them had total serum 
cortisol <200 nmol/L at any time during the study period. 



Results 

40 

A B

C D

 
Fig 12 a. Correlation between total serum cortisol and salivary cortisol.  
Fig 12 b. Correlation between total serum cortisol and cFC 
Fig 12 c. Correlation between total serum cortisol and DHEAS 
Fig 12 d. Correlation between total serum cortisol and DHEA 

s-cortisol= total serum cortisol, sa-cortisol=salivary cortisol, cFC =calculated free cortisol, 
using the Coolens’ equation (Coolens et al., 1987),  DHEAS= sulphated 
dehydroepiandrosterone,  DHEA = dehydroepiandrosterone. 

Saliva stimulation with glycerine and citric acid does not affect salivary cortisol 
levels 

(Paper III) 

Thirty-six volunteers from staff at UUH accepted participation in the study, 
which took place in April 2012. 83% (30/36) volunteers were female, and the 
median age was 50 (27-63) years. 

Twenty-five pairs of morning saliva samples, and 25 pairs of evening saliva 
samples were obtained (8 volunteers gave both morning and evening samples), and 
all samples could be analysed. Two pairs of samples were excluded due to very 
high cortisol values (>100 nmol/L). Only the first pair of saliva samples obtained at 
each time point was included when multiple sampling existed, and six pairs of 
samples were excluded due to multiple samples from the same volunteer at the 
same time (morning or evening). Finally 22 morning saliva pairs, and 20 evening 
saliva pairs were analysed. There was a significant difference between morning and 
evening salivary cortisol levels in both un-stimulated samples (morning 15.9 ±12.0 
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nmol/L, evening 3.6 ±2.7 nmol/L) and stimulated samples (morning 18.0 ±14.4 
nmol/L, evening 3.8 ±3.7 nmol/L), p<0.0001.  

There was a significant correlation between un-stimulated and stimulated 
salivary cortisol, both in morning samples (p<0.0001) and evening samples 
(p<0.0001), and there was no significant difference between stimulated and un-
stimulated salivary cortisol, p=0.06. Mean salivary cortisol level (un-stimulated 
plus stimulated salivary cortisol/2 from each volunteer), and the difference between 
the two samples from each volunteer are given in figure 13 a, b. The salivary 
cortisol levels were not normally distributed, and to achieve a normal distribution 
the values were logarithmized. Logarithmized values are given in figure 14 a, b. 

A

B

 
Fig 13a. Morning salivary cortisol levels and differences between un-stimulated and 
stimulated samples from each volunteer. 

Fig 13b. Evening salivary cortisol levels and differences between un-stimulated and 
stimulated samples from each volunteer. 

Sample 1=un-stimulated sample, sample 2= stimulated sample. 
On x-axis the mean value (un-stimulated + stimulated sample)/ 2 of salivary cortisol 
(nmol/L) for each volunteer is given. On y-axis the difference between stimulated (sample 
2) and un-stimulated (sample 1) salivary cortisol sample (nmol/L) for each volunteer is 
given.  Dotted lines represent mean difference from all volunteers (=mean difference), and 
upper and lower confidence intervals for the mean difference (=mean difference ± 
SD*1.96). SD= standard deviation. 
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Fig 14a. Morning salivary cortisol levels and differences between un-stimulated and 
stimulated samples from each volunteer, logarithmized. 
Fig 14b. Evening salivary cortisol levels and differences between un-stimulated and 
stimulated samples from each volunteer, logarithmized. 

Sample 1=un-stimulated sample, sample 2=stimulated sample. 
On x-axis the logarithmized mean value (un-stimulated + stimulated sample)/ 2 of salivary 
cortisol (nmol/L) for each volunteer is given. On y-axis the difference between 
logarithmized stimulated (sample 2) and logarithmized un-stimulated (sample 1) salivary 
cortisol (nmol/L) for each volunteer is given.  Dotted lines represent logarithmized mean 
difference from all volunteers (=mean difference), and upper and lower confidence 
intervals for the logarithmized mean difference (=mean difference ± SD*1.96).  
SD= standard deviation 
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Liver resection is not associated with decreased cortisol levels 

(Paper IV) 

Twenty-five patients scheduled for hemicolectomy and 15 patients scheduled 
for major liver resection were included. Median age was 69 (27-83) years in the 
hemicolectomy group vs. 67 (55-77) years in the liver resection group, p=0.64. In 
the hemicolectomy group 48% (12/25) of the patients were female vs. 53% (8/15) 
in the liver resection group, p=1.0.  

Total serum cortisol was significantly higher 6-12 hours after surgery in liver 
resection patients (1013±513 nmol/L) compared to hemicolectomy patients 
(709±358 nmol/L), p=0.04, and at the same time-point patients with larger liver 
resections (60%) had significant higher total serum cortisol (1352 ±292 nmol/L) 
compared to patients with 30-60% liver resection (674 ±468 nmol/L), p=0.03. 
Postoperative total serum cortisol <200 nmol/L were found in 8/25 (32%) of 
hemicolectomy patients, and in 3/15 (20%) of liver resection patients. Liver 
resection or hemicolectomy was not significantly associated with total serum 
cortisol <200 nmol/L, p=0.49. There was a significant difference in time of 
sampling of morning cortisol between liver resection patients (05.59±1.6) and 
hemicolectomy patients (07.12±1.2), p<0.0001. 

Four patients received betamethason intravenously at induction of anaesthesia , 
and they all had total serum cortisol <200 nmol/L, 3/8 with a total serum cortisol 
<200 nmol/L in the hemicolectomy group and 1/3 with a total serum cortisol <200 
nmol/L in the liver resection group. Thus, of 11 patients with total serum cortisol 
<200 nmol/L, 4/11 (36%) had received betamethason (Fig. 15 a, b, c).  

In liver resection patients, lipids were obtained to assess substrate availability 
for cortisol production. Total serum cortisol correlated significantly with paired 
samples of total cholesterol (rs= -0.67, p<0.0001, 31 pairs), LDL (rs= -0.64, 
p=0.002, 30 pairs) HDL (rs= -0.40, p=0.03, 31 pairs) and triglycerides (rs= -0.53, 
p=0.002, 31 pairs). However, at no time during the study period was there a 
significant association between serum cortisol levels <200 nmol/L and lower 
defined cut-off levels of cholesterol (p=1.0 day 1, p=0.46 day 4), LDL (p=0.56 day 
1, p=1.0 day 4) or HDL (p=0.27 day 1, p=1.0 day 4).  

Of the obtained salivary cortisol samples, only 44% in the hemicolectomy 
group, and 28% in the liver resection group could be analysed. Serum and saliva 
samples of cortisol obtained at the same time correlated significantly for 
hemicolectomy patients (rs=0.84, p<0.0001, 66 pairs) and for liver resection 
patients (rs=0.70, p<0.0001, 25 pairs). 

Albumin was significantly higher in liver resection patients (31±4 g/L) 
compared to hemicolectomy patients (27±5 g/L) directly after surgery, p=0.01. 
CRP was significantly higher in the morning day 3 in hemicolectomy patients 
(204±70 mg/L) compared to liver resection patients (142±79 mg/L), p=0.01. 
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36%

64%

Total serum cortisol <200 nmol/L with
betamethasone

Total serum cortisol <200 nmol/L
without betamethasone

C

DHEAS was obtained in liver resection patients. DHEAS and total serum 
cortisol obtained at the same time correlated significantly, rs 0.38, p=0.009, 47 
pairs, but there was no significant correlation between paired samples of DHEAS 
and total cholesterol (rs -0.09, p=0.63,  31 pairs), LDL (rs -0.05, p=0.80, 30 pairs),  

HDL (rs -0.007, p=0.97, 31 pairs) or triglycerides (rs -0.14, p=0.47, 31 pairs). There 
was a significant increase in DHEAS levels from before surgery (1.7±0.8 nmol/L) 
to 6-12 hours after surgery (2.5±1.0 nmol/L), p=0.013. DHEAS levels below cut-
off limit were found in 3/15 (20%) of liver resection patients.  

32%

68%

Total serum cortisol <200 nmol/L

Total serum cortisol ≥200 nmol/L
A

20%

80%

Total serum cortisol <200 nmol/L

Total serum cortisol ≥200 nmol/L
B

 
 

Fig 15a. Hemicolectomy patients and total 
serum cortisol <200 nmol/L or ≥200 nmol/L  
Total serum cortisol<200 nmol/L 8/25 (32%) 
patients, total serum cortisol ≥200 nmol/L 17/25 
(68%) patients 

Fig 15b. Liver resection patients and total 
serum cortisol <200 nmol/L or ≥200 nmol/L. 
Total serum cortisol<200 nmol/L 3/15 (20%) 
patients, total serum cortisol ≥200 nmol/L 12/15 
(80%) patients 

Fig 15c. Patients with total serum cortisol 
<200 nmol/L and betamethasone 
administered or not. 11 patients (8 
hemicolectomy patients and 3 liver resection 
patients) had total serum cortisol <200 nmol/L. 
4/11 (36%) patients received betamethasone (3 hemicolectomy patients and 1 liver 
resection patient).  
7/11 (64%) patients did not receive betamethasone (5 hemicolectomy patients and 2 liver 
resection patients). 
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 Life was meant to be lived, and curiosity must be kept alive 
 One must never, for whatever reason, turn his back on life 
 Eleanor Roosevelt 

 

DISCUSSION 

Pre-hospital trauma care (Paper I) 

In evaluating outcome in trauma patients, all aspects of care need to be taken 
into consideration including pre-hospital care. It has been assumed that a long 
duration in the field, outside the hospital is unfavourable for the patient (Cowley et 
al., 1979). More recent studies have however not supported this hypothesis (Kleber 
et al., 2013, Lerner et al., 2003). This study was performed in a rural area, and 
even though 50% of the patients had 60 minutes of pre-hospital care it was not 
associated with unfavourable outcome, supporting that the time spent before arrival 
at hospital does not affect outcome. Interestingly, the median time from accident 
until arrival of pre-hospital staff was only 9 minutes, which could have influenced 
the lack of effect of prolonged pre-hospital time. That the patients early were taken 
care of by professionals indicates that it is perhaps more a question of time without 
trained staff than lack of hospital care. That time until arrival of medical staff is of 
importance is supported by a study by Grossman et al., 1997. Since pre-hospital 
care has developed, care can now be provided to a larger extent at scene, once staff 
has arrived.  

Caring for patients with severe traumatic brain injuries implies focusing on 
saving the penumbra zone around primary brain injuries. This can be achieved by 
oxygen administration and circulatory support, measures that must be immediately 
initiated (Badjatia et al., 2008). Older studies in patients with severe TBI have 
reported that pre-hospital hypoxia and hypotension strongly relates to an 
unfavourable outcome (Marmarou et al., 1991, Chesnut et al., 1993, McHugh et 
al., 2007, Chi et al., 2006). In this study registered episodes of pre-hospital hypoxia 
or hypotension was not significantly associated with poor outcome. This is 
probably due to that treatment of hypoxia and hypotension was initiated as soon as 
it was discovered, and corrected if possible.  

According to the Brain Trauma Foundation guidelines, patients with severe 
TBI should be transported to a hospital with neurosurgical care where ICP can be 
measured and intracranial hypertension treated (Badjatia et al., 2008). In this study 
the median time from accident until arrival at the level 1 trauma centre was 6 
hours, and secondary referral to a level 1 trauma centre was not associated with 
poor outcome. The most important life-saving treatment is still oxygenation and 
circulatory support, and it might be better to stabilize the patient at the nearest 
hospital before secondary transportation, which then safely can be initiated as soon 
as possible.  
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The lack of significance of adverse events on outcome in this study is probably 
due to a functional chain of care, with fast treatment of the patients at scene, at 
primary hospital, and during secondary transportation. The importance of a 
functional ‘cascade of critical care’ has been further emphasized in a previous 
study (Capone-Neto and Rizoli, 2009). Additionally, solely the occurrence of 
adverse events, if promptly treated once discovered, is probably not as important as 
the duration of these events. 

Stress and acute trauma (Paper II) 

Glucocorticoid hormones play a pivotal role in the response to stress, and the 
main hormone is cortisol. Few studies have however studied the natural pattern of 
cortisol levels over time after trauma. Two studies report an early serum cortisol 
peak day 0 and 1 respectively, followed by a decrease to normal serum cortisol 
levels after up to 10 and 14 days respectively after trauma (Offner et al., 2002; 
Gannon et al., 2006). In this study, total serum cortisol also decreased significantly 
over time after trauma, both during the first 24 hours after trauma, and in morning 
samples up to 96 hours after trauma. This continuous decrease is probably due to 
an initial stress-induced increase, followed by a decrease back to normal total 
serum cortisol levels.  

During the first 24 hours after trauma total serum cortisol was, in this study, 
significantly higher in more severely injured patients (ISS ≥16) compared to less 
severely injured patients (ISS <16). This difference due to injury severity could not 
be detected after the initial 24 hours. An early association between high cortisol 
levels and severity of injury has been previously described (Barton et al., 1987).  

Even though probably not the best marker for adrenal insufficiency, total 
serum cortisol is most commonly used for assessment of adrenal function. The 
specific level for sufficient amount of total serum cortisol still needs to be 
established (Gannon et al., 2006). Several cut-off levels have been used in previous 
studies to assess a relative adrenal insufficiency. In this study a cut-off of 200 
nmol/L was set, which correlates to lower reference level for morning total serum 
cortisol at UUH laboratory. Without clinical suspicion of adrenal insufficiency and 
despite the low cut-off level used, 26% of the trauma patients in this study had, at 
least once during the study period, total serum cortisol levels <200 nmol/L.  

As an additional marker of adrenal insufficiency, measurements of DHEA and 
DHEAS, also produced in the adrenal gland after ACTH stimulation, can be used 
(Arafah, 2006; Marx et al., 2003). DHEAS has a longer half-life than DHEA, and 
it may therefore be easier to interpret results from DHEAS measurements (Kroboth 
et al., 1999). It has also been postulated that a normal DHEAS level makes adrenal 
insufficiency less likely (Nasrallah and Arafah, 2003). In this study DHEAS levels 
was significantly correlated to total serum cortisol levels and also decreased 
significantly over time after trauma.  
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One of the main findings in this study was that continuous infusion of 
sedative/analgesic drugs, was significantly associated with total serum cortisol 
<200 nmol/L. The odds for having a serum cortisol <200 nmol/L were eight times 
higher when sedative/analgesic drugs were continuously administrated. This effect 
may be due to an inhibitory effect on the HPA-axis leading to a reduced release of 
CRH and ACTH. Three previous studies report the same effect of sedatives on total 
serum cortisol levels (Skoglund et al., 2012; Lindgren et al., 2013; Ekbom et al., 
2012). This highlights the need to consider the effect of sedative drugs when 
assessing cortisol levels.  

It has previously been described that midazolam and propofol decrease cortisol 
levels (Shapiro et al., 1986; Ihn et al., 2009; Plunkett et al., 1997). Opioids also 
depress the HPA axis, though the mechanism is not established. It is suggested that 
opioid peptides inhibit the pituitary response to CRH, thereby reducing serum 
cortisol levels (Rittmaster et al., 1985).  

The imidazole anaesthetic agent etomidate is known to inhibit 11-
hydroxylase, the enzyme converting 11-deoxycortisol to cortisol, leading to low 
serum cortisol levels for at least 24 hours (Cuthbertson et al., 2009). Etomidate is 
not used in Sweden, and no patients in this study received this sedative drug. 

Low cortisol levels are commonly associated with hypotension. In this study 
cardiovascular failure, assessed with SOFA score, was significantly more common 
in patients with a serum cortisol <200 nmol/L. However blood pressure may also 
be decreased by sedative drugs, and in 90% of the patients with cardiovascular 
failure, continuous infusion of sedative/analgesic drugs were administered. This 
effect of sedative/analgesic drugs might have biased the association found between 
cardiovascular failure and cortisol levels <200 nmol/L, further highlighting the 
need for attention of sedatives when assessing cortisol levels.  

Only the free, biologically active, fraction of cortisol exerts the corticosteroid 
effect on a cellular level. In serum, most cortisol is bound to CBG or albumin. In 
acute illness there will be a decrease in CBG and albumin due to capillary leakage. 
When CBG and albumin levels fall less cortisol will be bound to CBG and 
albumin, and therefore a simultaneously increase of the free, bioactive cortisol will 
occur. This is a physiologic way to ensure a sufficient supply of cortisol at end 
organs (Perogamvros et al., 2010). However, when assessing adrenal insufficiency 
in critically ill patients, total serum cortisol is the most commonly used 
biochemical endpoint. Total serum cortisol may however, due to reduced CBG and 
albumin levels, not accurately reflect free cortisol levels.  

A well-established surrogate biomarker for free cortisol is salivary cortisol. 
Salivary cortisol correlates well with free cortisol levels, and this study was 
designed to include measurements of salivary cortisol (Arafah et al., 2007; Vining 
and McGinley, 1987; Estrada-Y-Martin and Orlander, 2011). Unfortunately it was 
difficult to obtain sufficient amount of saliva, and trauma patients also had blood 
contamination in the saliva samples. Many samples could not be analysed, 
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especially early after trauma and in the most severely injured patients, and 
therefore salivary cortisol could not be included in the multivariable analyses. 

Saliva stimulation and salivary cortisol (Paper III) 

Salivary cortisol is a convenient and easily obtained surrogate marker for free 
cortisol  (Arafah et al., 2007; Vining and McGinley, 1987; Estrada-Y-Martin and 
Orlander, 2011). However, lack of sufficient amount of saliva to be analysed is a 
clinically relevant problem, especially in critically ill, traumatized, or sedated 
patients.  

The reduced amount of saliva in critically ill patients could be due to 
medications, or stress. Previous studies have established that a large number of 
medications could limit saliva flow, and that mental stress reduce salivary flow rate 
(Granger et al., 2007; Bakke et al., 2004; Gemba and Teranaka, 1996). The very 
young and the very old also have reduced salivary production (Granger et al., 
2007). To overcome this problem either smaller amounts of saliva need to be 
analysed by the use of other collection methods, or salivary production can be 
stimulated (Granger et al., 2007; Donzella et al., 2008). Oral stimulants of saliva 
production such as flavoured drinks or marshmallows have been tried, however 
none of these previous methods are applicable in sedated patients who are unable 
to eat or swallow (Gordon et al., 2005; Clements et al., 2007).  

Saliva sampling has an advantage over serum cortisol sampling, namely the 
lack of stress during venous puncture. This stress can lead to increased cortisol 
levels due to the test situation. However, it has also been described that repeated 
saliva sampling also may lead to increased cortisol levels (Gordon et al., 2005). To 
minimize this problem in this study, un-stimulated and stimulated samples were 
obtained immediately after one another, and no significant increase in the paired 
samples was found. 

Sampling method may also affect salivary cortisol levels. Drooled samples 
probably gives the most correct cortisol levels, but drooling is not possible in 
sedated patients (Kidd et al., 2009). Suction may be an alternative method for 
saliva collection, but repeated suction increases the risk for abrasions inducing 
blood contamination, which may result in falsely elevated cortisol levels (Inder et 
al., 2012). 

In this study it was found that saliva stimulation with an applicator drenched in 
glycerine and citric acid could be used without influencing salivary cortisol levels. 
As cortisol levels peak in the morning and are nadir at midnight, morning and 
evening samples were evaluated to assess a wide range of cortisol levels. 

This study was performed in healthy volunteers, and future studies have to 
establish whether this saliva stimulation method could be used in critically ill, 
sedated patients.  
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Stress and major surgery (Paper IV) 

It has been recognized that severe liver disease may be associated with 
inappropriately low cortisol levels, described as the hepato-adrenal syndrome 
(Marik et al., 2005). It is therefore presumable that a major liver resection also 
could acutely decrease cortisol levels. In order to exclude the influence of surgical 
trauma, patients scheduled for >30% liver resection were compared to patients 
scheduled for other major surgery, hemicolectomy. 

In this study postoperative total serum cortisol levels <200 nmol/L were found 
in 20% of the liver resection patients and in 32% of hemicolectomy patients, not 
significantly different.  

The mechanism for relative adrenal insufficiency in patients with liver failure 
is unknown at present (Trifan et al., 2013). Reported prevalence is divergent, 30%-
90%, probably due to diverse definitions and heterogenic study populations 
(O’Beirne et al., 2007). 

Since cholesterol, the precursor of cortisol and DHEAS is stored in the liver, it 
has been suggested that lack of substrate may be a cause of adrenal insufficiency 
(Marik et al., 2005). In previous studies cirrhotic patients were found to have 
decreased levels of total cholesterol, HDL and LDL, indicating a possible lack of 
substrate for cortisol synthesis (Marik, 2006; Fede et al., 2012; Cicognani et al., 
1997). Low HDL levels have also been associated with low cortisol levels and 
severity of cirrhosis (Marik, 2006; Cicognani et al., 1997). In this study there was a 
significant correlation between paired samples of total serum cortisol and total 
cholesterol, HDL, LDL and triglycerides, but total serum cortisol <200 nmol/L was 
not significantly associated with levels of total cholesterol, HDL or LDL below 
defined cut-off levels.  

Severity of liver disease in cirrhotic patients may also influence the prevalence 
of adrenal insufficiency (Tsai et al., 2006; Harry et al., 2003). In this study, 
patients with larger liver resections (≥60%) had significantly higher cortisol levels 
postoperatively compared to patients with 30-60% liver resection.  

Total serum cortisol is used as biochemical marker in most studies, which 
could lead to an overestimation of the prevalence of adrenal insufficiency. This is 
due to the reduced production of CBG and albumin in liver disease. If CBG, the 
main carrier of cortisol in serum is low, the proportion of free, unbound, bioactive 
cortisol will probably be increased. However, only free cortisol is not measured 
routinely.  

In this study salivary cortisol was obtained as a surrogate for free serum 
cortisol, but sufficient amount of saliva was difficult to obtain. No strong 
conclusions from salivary cortisol measurements could therefore be drawn. 

DHEAS may, as earlier stated, be used for an additional assessment of adrenal 
dysfunction (Arafah, 2006; Marx et al., 2003). In this study DHEAS correlated 
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significantly with total serum cortisol, but not with lipids studied. DHEAS levels 
below cut-off limit were found in 3/15 (20%) of liver resection patients.  

In this study, liver resection patients had significantly higher total serum 
cortisol levels immediately postoperatively compared to hemicolectomy patients. 
One possible explanation could be that albumin was substituted in liver resection 
patients, and albumin was significantly higher in liver resection patients compared 
to hemicolectomy patients at the same time-point. Another explanation could be 
that hemicolectomy patients received continuous epidural infusion of analgesic 
drugs. That continuous infusion of sedative/analgesic drugs is associated with low 
cortisol levels has previously been reported (Lindgren et al., 2013; Skoglund et al., 
2012). There was also a significant difference in time of cortisol sampling between 
the two groups, which additionally might have influenced the results, although the 
earlier obtained samples from liver resection patients was higher than the later 
obtained samples from hemicolectomy patients.  

Betamethasone was not included in the study protocol, but was administered to 
four patients at induction of anaesthesia to reduce postoperative nausea. All four 
patients who received betamethasone had total serum cortisol levels <200 nmol/L 
postoperatively. It is previously described that betamethasone induces a negative 
feedback on the HPA-axis leading to reduced cortisol levels (Rang and Dale, 
1987). Thus measuring cortisol levels after administration of betamethason will 
result in low cortisol levels, an obvious but important confounder.  
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LIMITATIONS 

 
Limitations- Paper I 

The number of patients studied is limited, and only patients arriving alive at the 
level 1 trauma centre were included.  

 

Limitations- Paper II 

The number of patients studied is limited. Salivary cortisol, as a surrogate 
marker of the free biologically active cortisol, could not be included in the 
multivariable analysis. 

 

Limitations- Paper III 

These results are only applicable in healthy volunteers for the oral stimulants 
and analytical methods used in this study. 

 

Limitations- Paper IV 

The number of patients studied is limited. To few salivary cortisol samples 
could be analyzed, limiting estimation of free biologically active cortisol. DHEAS 
was only obtained in liver resection patients. 

 

 
 



Conclusions 

52 

CONCLUSIONS 

Conclusions- Paper I 

Adverse events were frequently occurring before arrival at a level 1 trauma 
centre in patients with severe TBI. 50% of the patients had a pre-hospital time 60 
minutes and 73% were not directly transported to a level 1 trauma centre. In the 
pre-hospital setting 16/41 (39%) had SaO2<95%, 10/38 (26%) SBP<90 mmHg, 2/4 
(50%) ETCO2<4.5kPa and 10/39 (26%) HR>100/min. At the primary receiving 
hospital 11/34 (32%) had SaO2<95%, 10/35 (29%) SBP<90 mmHg, 16/19 (84%) 
ETCO2<4.5kPa and 14/35 (40%) HR>100/min. During secondary transportation 
2/33 (6%) had SaO2<95%, 5/34 (15%) SBP<90 mmHg, 18/24 (75%) 
ETCO2<4.5kPa and 10/34 (29%) HR>100/min. 

In the trauma system studied, unfavourable outcome (GOS 1-3) in severely 
traumatized TBI patients were not related to adverse events occurring before 
arrival at a level 1 trauma centre.  

 

Conclusions- Paper II 

Total serum cortisol decreased significantly over time after trauma, both in the 
time-interval 0-24 hours after trauma (p=0.02) and in morning samples from 0-96 
hours after trauma (p=0.003). Total serum cortisol <200 nmol/L was significantly 
associated with continuous infusion of sedative/analgesic drugs (OR 8, CI 2-30, 
p=0.003) and cardiovascular dysfunction (OR 5, CI 1.73-14.49, p=0.003), but not 
with severity of trauma. 

 

Conclusions- Paper III 

Salivary cortisol levels in healthy volunteers were not affected by saliva 
stimulation with a cotton-tipped applicator containing glycerine and citric acid. 

 

Conclusions- Paper IV 

Postoperative total serum cortisol <200 nmol/L was not significantly more 
common after liver resection compared to after hemicolectomy. After major liver 
resection total serum cortisol <200 nmol/L was not significantly associated with 
lipid levels below defined cut-off levels.  
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FUTURE CONSIDERATIONS 

Future considerations- Paper I 

Pre-hospital adverse events will continue to occur in trauma patients. To be 
able to answer the question of impact of pre-hospital adverse events in the future, it 
is important to measure vital parameters and define duration rather than occurrence 
of adverse events. New computerized systems will make this possible as online 
registration of vital parameters can be performed. 

Future considerations- Paper II 

The effect of sedative/analgesic drugs on total cortisol levels observed in this 
study needs further studies to analyze the cause of this effect. The question of 
necessity of corticosteroid replacement when low total serum cortisol levels are 
present also needs further investigations. Measurement of total serum cortisol is 
associated with several weaknesses, especially in the critically ill. To be able to 
better assess cortisol levels, it is desirable to measure the free biologically active 
cortisol. This can be done by measuring salivary cortisol, or by using a recently 
presented method of calculating free cortisol levels (Nguyen et al., 2014). The 
capacity of the body to locally increase free cortisol levels at sites of inflammation 
by modulation of CBG is also a new exciting field (Chan et al., 2013). 

Which method that is the best for measurements of sufficient amounts of free 
cortisol in the body, especially in the critically ill, is a question still unanswered. 
DHEAS may also be a supplemental measurement to further assess adrenal 
insufficiency. 

Future considerations- Paper III 

Further studies are needed in order to evaluate if saliva stimulation, in order to 
obtain sufficient amount of saliva for measurement, is possible also in sedated and 
critically ill patients.  

Future considerations- Paper IV 

Low cortisol levels in patients with liver disease have previously been studied 
in heterogeneous groups. The cause of these low cortisol levels needs to be 
investigated in the future. Depending on cause of liver dysfunction, different 
pathophysiological mechanisms may be possible. It is also important to assess the 
free and biologically active cortisol in future studies. If substrate availability for 
cortisol production is a limiting factor also needs further highlighting. The 
importance of low cortisol levels, and the need for eventual corticosteroid 
treatment also needs to be further investigated. Additionally, the effect on the 
HPA-axis due to administration of betamethasone for prevention of postoperative 
nausea needs further evaluation.  
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Populärvetenskaplig sammanfattning på svenska 

Trauma drabbar ofta unga individer. Framsteg har gjorts både inom 
förebyggande av skador och inom omhändertagande av skadade, men trots detta är 
trauma en vanlig orsak till såväl invaliditet som död. I riktlinjer för 
omhändertagande av svårt skallskadade patienter anges att dessa patienter bör 
behandlas på sjukhus med speciell kompetens för detta, så kallade nivå 1 sjukhus. I 
dessa riktlinjer anses det också att patienten, om möjligt, skall åka direkt till ett 
nivå 1 sjukhus, utan att passera närmaste sjukhus. 

Händelser som inträffar innan ankomst till sjukhus, kan också påverka 
utgången efter trauma. Lågt blodtryck, försämrad syresättning samt lång tid innan 
ankomst till sjukhus, har i tidigare studier av patienter med svåra skallskador visat 
sig ha ett samband med försämrad prognos. Även överflyttning av en patient från 
ett mindre sjukhus till nivå 1 sjukhus, det vill säga att patienten först förs till 
närmaste sjukhus istället för direkt till ett nivå 1 sjukhus, har i tidigare studier visat 
sig ha negativa konsekvenser för patienter med svåra skallskador.  

För att överleva ett svårt trauma krävs att tillräckliga mängder av kroppens eget 
stresshormon kortisol produceras. Hos kritiskt sjuka patienter med lågt blodtryck 
som inte stiger efter sedvanlig behandling, kan en brist på kortisol misstänkas. Ett 
begrepp där otillräckliga mängder av kortisol produceras, kallat kritisk 
sjukdomsrelaterad kortisolbrist (critical illness related corticosteroid insuffi-
ciency=CIRCI), har därför föreslagits. Kortisolnivåer i kroppen kan påverkas av en 
rad olika faktorer, som till exempel svårighetsgraden på ett trauma och 
administration av läkemedel med lugnande eller smärtlindrande effekt. Om en 
faktisk kortisolbrist föreligger skall kortison ges, och är då livräddande. Tyvärr har 
kortison också negativa biverkningar såsom ökad infektionskänslighet, höga 
blodsockervärden och förändrad ämnesomsättning. Samtliga av dessa effekter är 
negativa för en svårt sjuk patient, och kortison bör därför endast ges i livräddande 
syfte.  

Kortisol tillverkas i binjurarnas yttre skikt, i den så kallade binjurebarken. I 
binjurebarken bildas också andra hormoner, till exempel dehydroepiandrosterone 
(DHEA) och försvavlat dehydroepiandrosterone (DHEAS). DHEA och DHEAS 
kan vid behov omvandlas till könshormoner som testosteron och östrogen, men kan 
också direkt påverka immunförsvaret och ämnesomsättningen.  

För att värdera binjurens funktion mäts oftast kortisol, men även DHEA och 
DHEAS kan mätas.  

Att kunna mäta en patients kortisolvärde är av betydelse för att kunna klargöra 
om det föreligger en kortisolbrist eller inte. Det sätt som kortisol vanligen mäts på, 
är ett totalvärde av mängden kortisol i blodet (serumkortisol). Av denna totalmängd 
är den största delen bundet till olika proteiner, och mindre än 10 % är fritt kortisol. 
Eftersom det är det fria kortisolet som står för de olika biologiska effekterna i 
kroppen, vore det önskvärt att kunna mäta bara denna fria del. Tyvärr är de 
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laboratoriemetoder som finns för mätning av fritt kortisol komplicerade och inte 
tillgängliga i den kliniska vardagen på sjukhus. En enklare metod att uppskatta det 
fria kortisolet är att mäta kortisol i saliv. Salivkortisol kan användas som en 
ersättning för mätning av fritt kortisol i blod, eftersom det enbart är det fria 
obundna kortisolet som passerar till saliv.  

Hos kritiskt sjuka, nedsövda patienter, liksom hos mycket stressade patienter är 
salivproduktionen nedsatt. Det är därför svårt att få tillräckliga mängder saliv för 
mätning av kortisolnivåer. Att hitta en metod att stimulera salivproduktionen, utan 
att störa själva mätningen av kortisolnivåerna vore önskvärt.  

Tidigare studier har visat på ett samband mellan leversvikt och låga 
kortisolvärden. Kortisol tillverkas av kolesterol, som i sin tur tillverkas och lagras i 
levern. Teoretiskt sett skulle därför leversvikt kunna leda till kolesterolbrist, vilket 
skulle kunna utmynna i kortisolbrist.  

 

Denna avhandling består av 4 olika delstudier. 

Syftet med dessa studier är; 

Delstudie I: att fastställa hur ofta ogynnsamma händelser som; 60 minuter 
från olycka till ankomst till sjukhus, överflyttning av patient från ett första sjukhus 
till ett nivå 1 sjukhus, låg syresättning eller lågt blodtryck förekommer, och relatera 
dessa händelser till utgången för patienten. 

Delstudie II: att utvärdera förändringar i binjurehormoner över tid efter 
trauma, samt att utvärdera samband mellan låga kortisolnivåer (<200 nmol/L) och; 
traumats svårighetsgrad, kontinuerlig tillförsel av lugnande och/eller smärtstillande 
läkemedel, samt cirkulationssvikt.  

Delstudie III: att undersöka om salivstimulering med en bomullspinne 
innehållande glycerin och citronsyra påverkar nivåer av salivkortisol hos friska 
försökspersoner. 

Delstudie IV: att utvärdera förekomsten av låga kortisolnivåer (<200 nmol/L) 
efter stor leverkirurgi jämfört med efter annan stor bukkirurgi, och att granska 
samband mellan låga kortisol- och kolesterolnivåer efter stor leverkirurgi.  

 

Resultaten av studierna visar att; 

Delstudie I: 50 % av patienterna hade 60 minuter från olycka till ankomst till 
första sjukhus, och 73 % av patienterna anlände primärt till annat sjukhus än ett 
nivå 1 sjukhus. Mediantiden från olycka till ankomst av ambulanspersonal var 
endast 9 minuter, med en spridning på 2-35 minuter. Före ankomst till sjukhus 
hade 39 % (16/41) låg syresättning och 26 % (10/38) lågt blodtryck. Vid ankomst 
till första sjukhuset hade 32 % (11/34) låg syresättning och 29 % (10/35) lågt 
blodtryck. Under transporten för överflyttning till nivå 1 sjukhus hade 6 % (2/33) 
låg syresättning och 15 % (5/34) lågt blodtryck. 
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I den traumaorganisation som studerats, var förekomst av ogynnsamma 
händelser innan ankomst till nivå 1 sjukhus inte relaterat till sämre slutresultat.  

Delstudie II: Serumkortisol sjönk signifikant över tid, såväl under de första 24 
timmarna, som i morgonprover tagna under mätperioden (0-96 timmar efter 
trauma). Beräknat fritt kortisol, DHEA och DHEAS sjönk också signifikant under 
mätperioden. Ett lågt serumkortisol (<200 nmol/L) var inte signifikant associerat 
med skadans svårighetsgrad. Risken för att serumkortisol var <200 nmol/L var 8 
gånger högre om patienten erhöll kontinuerlig tillförsel av lugnande och/eller 
smärtstillande läkemedel jämfört med patienter utan kontinuerlig tillförsel av 
lugnande och/eller smärtstillande läkemedel. Risken för att serumkortisol var <200 
nmol/L var 5 gånger högre om patienten hade cirkulationssvikt jämfört med om 
patienten inte hade cirkulationssvikt. 

Delstudie III: Ingen signifikant skillnad mellan stimulerade och icke-
stimulerade salivkortisolnivåer kunde påvisas. 

Delstudie IV: Låga kortisolnivåer (<200 nmol/L) förekom hos 20% av 
patienterna efter leverresektion samt hos 32 % av patienterna efter annan jämförbar 
bukkirurgi. Varken leverresektion eller annan jämförbar bukkirurgi var signifikant 
associerat med låga kortisolnivåer (<200 nmol/L). Låga kolesterolnivåer var inte 
signifikant associerade med låga kortisolnivåer efter leverkirurgi. 

 

Slutsatser: 

Delstudie I: Ogynnsamma händelser hos patienter med svår skallskada 
förekom ofta innan ankomst till nivå 1 sjukhus, men var i denna studie inte 
associerat med sämre slutresultat för patienten. 

Delstudie II: Kortisolnivåer i blod minskar signifikant med tiden efter trauma. 
Låga kortisolvärden var inte relaterade till traumats svårighetsgrad. Signifikanta 
samband mellan både kontinuerlig tillförsel av lugnande och/eller smärtstillande 
läkemedel och låga kortisolvärden, samt mellan cirkulationssvikt och låga 
kortisolvärden kunde påvisas i denna studie. 

Delstudie III: Nivåer av salivkortisol hos friska försökspersoner påverkades 
inte av salivstimulering med en bomullspinne innehållande glycerin och citronsyra. 

Delstudie IV: Låga postoperativa kortisolnivåer var inte mer vanligt efter stor 
leverkirurgi jämfört med efter annan jämförbar bukkirurgi. Inget signifikant 
samband mellan låga kortisolnivåer och låga kolesterolnivåer kunde påvisas efter 
stor leverkirurgi. 
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