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The association between cytokine response and disease severity in patients with necrotising
soft tissue infection: a multicentre, prospective, observational study
Introduction
Early diagnosis and assessment of necrotising soft tissue infection (NSTI) can be challenging. Analysis of inflammatory markers
could provide important information about disease severity and guide decision making. However, prospective studies on plasma
inflammatory markers in NSTI are limited. For this purpose, we investigated the association between plasma cytokine levels and
the Laboratory Risk Indicator for Necrotising Fasciitis (LRINEC) score, disease severity and mortality in patients with NSTI. We
hypothesized that high cytokine levels upon hospital admission were associated with a high LRINEC score, high SAPS II and SOFA
scores, presence of septic shock and β-haemolytic streptococcal infection, treatment of renal replacement therapy (RRT), amputation and 30-day mortality.
Methods
This multicentre, prospective, observational study of 159 patients with NSTI was conducted between February 2013 and November 2015 in five Scandinavian ICUs. Plasma samples were taken on upon hospital admission and analysed for interleukin-1β (IL1β), IL-6, IL-10 and tumor necrosis factor-α (TNF-α). The severity of NSTI was assessed by the LRINEC score, SAPS II, SOFA score,
septic shock, β-haemolytic streptococcal infection, RRT and amputation.
Results
A LRINEC score ≥ 6 was seen in 116 (73%) patients. We found no significant difference in baseline cytokine levels according to a
LRINEC score above or below 6 (IL-1β: 3.0 vs. 1.3; IL-6: 607 vs. 289; IL-10: 38.4 vs. 38.8; TNF-α: 15.1 vs. 7.8 pg/mL, P > 0.05), but
IL-6 level had the strongest association to SAPS II (Rho = 0.41) and SOFA-score (Rho = 0.51), P < 0.0001. Patients with septic shock
and patients receiving RRT had higher levels of all cytokines (P < 0.01 and P < 0.05, respectively). Patients with streptococcal infection and those undergoing amputation had higher levels of IL-6, IL-10 and TNF-α (Fig. 1). There was no difference in mortality
between patients with a LRINEC score above or below 6, but 30-day mortality was correlated to high baseline levels of all cytokines (unadjusted analysis). In the adjusted analysis, the association was the strongest for IL-1β (OR 3.86 [95% CI, 1.43-10.40], P =
0.008) and IL-10 (OR 4.80 [95% CI, 1.67-13.78], P = 0.004).
Conclusion
We found no significant association between LRINEC score and cytokine levels on admission. IL-6 was consistently associated
with disease severity, whereas IL-1β and IL-10 had the strongest association with 30-day mortality.
ClinicalTrials.gov: NCT01790698.
URL: https://clinicaltrials.gov/ct2/show/NCT01790698?term=NCT01790698&rank=1
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Abnormal sleep pattern in critically ill patients

Introduction
Sleep and wakefulness are interconnected stages, regulated by mechanisms in the basal brain. Disturbed sleep may cause prolonged ICU stay, increased morbidity and mortality. Several studies reveal pathological sleep patterns in critically ill patients.
Critically ill patients in the busy environment of an ICU are exposed to disturbances, such as the high level of noise and light,
procedures, mechanical ventilation and medication.
We aimed to determine if improving the ICU environment would lead to better sleep quality, assessed by polysomnography
(PSG), in critically ill mechanically ventilated patients.
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Methods
The night-intervention ’Quiet routine’ protocol included procedures directed towards improving the ICU environment between
10 pm and 6 am. Noise levels during control and intervention nights were recorded. Patients on mechanical ventilation and able
to give consent were randomized to the intervention on the first or the second night of the study. We monitored sleep by PSG.
The standard, American Academy of Sleep Medicine (AASM), sleep scoring criteria were insufficient for the assessment of PSGs.
AASM classification was extended by criteria, suggested by Watson et al.1 The PSGs were assessed by an expert in sleep medicine.
Results
We included 19 patients. Two patients were excluded due to deterioration. Sound level analysis showed insignificant effect of the
intervention on noise reduction (p=0.3). Analysis of the overnight PSGs revealed that approximately 60% of the patients had only
pathologic patterns.
Discussion
The application of PSG in critically ill patients is limited due to technical difficulties and challenges with the analysis. Foreman et
al.2 used PSG for evaluation of the effect of earplugs and eye masks, and melatonin treatment on sleep quality in neurological
ICU. The authors found that 65% of the PSGs were unscorable in accordance to standard criteria. Ten out of the 12 participants in
the mentioned study had altered sensorium. Although all the patients in our study were awake and without delirium at inclusion,
only 38% of all the recorded epochs could be scored according to AASM standard.
Conclusions
Characteristics of normal sleep were absent in many of the PSGs in these critically ill patients. Watson’s sleep scoring classification for critically ill patients was found useful for scoring PSGs. We were not able to reduce noise levels in the ICU and did not find
any association between the environmental intervention and the presence of normal sleep characteristics in the PSG.
References
1.Watson et al. Atypical sleep in ventilated patients: empirical electroencephalography findings and the path toward revised ICU
sleep scoring criteria. Critical care medicine. 2013;41:1958-67.
2. Foreman et al. Sleep in the neurological intensive care unit: feasibility of quantifying sleep after melatonin supplementation
with environmental light and noise reduction. Jorunal of clin neurophysiol. 2015;32:66-74.
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Post-ICU follow up: A questionnaire survey of aftercare in Denmark
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Introduction
Over 30,000 patients are annually admitted to Danish Intensive Care Units (ICUs). Effectiveness of treatment has increased and
the overall survival rate is now above 80%. Consequently, the period after ICU discharge has gained increasing attention and follow-up interventions have become more common. These interventions have given name to the concept of ‘aftercare’. Aftercare
includes both early in-hospital rehabilitation initiated after ICU discharge and rehabilitation after hospital discharge.
This study aims to investigate aftercare activities in Denmark after ICU treatment.
Method
We conducted an electronic questionnaire survey that was distributed by e-mail to the heads of ICUs at 31 general ICUs, excluding specialized ICUs (cardiothoracic surgery, neurosurgery, pediatrics, neonatology, and postoperative wards). The questionnaire
was divided into the following 4 sections: early aftercare, late aftercare, future development, and demographics.
Results
Data were collected from June 1st – July 29th 2016. The response rate was 30 out of 31 (97%).
Overall, 26 of 30 ICUs (87%; CI 75-99) offered aftercare. Nine out of 29 (31%; CI 14-48) ICUs offered both early and late aftercare.
Eight out of 29 (28%; CI 11-44) ICUs offered only early aftercare and 8 out of 29 (28%; CI 11-44) offered only late aftercare. One
ICU did not complete the questionnaire, but had early aftercare. Eligibility criteria for aftercare were mostly based on ICU length
of stay or was an individual clinician-based decision.
Early aftercare:
All 18 teams involved a nurse visit, and 12 teams also involved a doctor. Most common activities were management of respiration, tracheostomy care, and nutrition.
Late aftercare:
All 17 teams involved a nurse visit, and 9 teams also involved a doctor. The most common intervention was review of ICU diaries.
Discussion
Our study found that 87% of general ICUs offered some, but varying level of aftercare.
Comparing our results to the latest Danish study from 2011 [1], that reported an aftercare intervention in 8 out of 48 (17%) ICUs,
our results reflect an increased focus on, and follow up after ICU admission for critical illness.
Conclusion
Eighty-seven percent of Danish ICUs offer aftercare to their patients. Selection of patients for follow up and type of interventions
vary greatly between hospitals.
[1] Egerod I, Risom SS, Thomsen T, Storli SL, Eskerud RS, Holme AN, Samuelson KA: ICU-recovery in Scandinavia: a comparative
study of intensive care follow-up in Denmark, Norway and Sweden. Intensive Crit Care Nurs. 2013; 29:103-11
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Melatonin secretion pattern in critically ill patients

Introduction
Abnormal circadian and sleep homeostasis are present in critically ill patients. Limited data suggest that this may be associated
with morbidity and mortality. We aimed to analyze melatonin secretion and polysomnography (PSG) in conscious critically ill
patients on mechanical ventilation with and without remifentanil analgosedation.
Methods
Eight conscious critically ill patients on mechanical ventilation were included. Blood-melatonin samples were taken every 4th
hour, and PSG was recorded during a 48-hour study period. PSGs were analyzed in accordance with American Academy of Sleep
Medicine criteria if sleep patterns were identified; otherwise, Watson’s classification was applied1. As remifentanil analgosedation was periodically administered during the study, the effect of remifentanil on melatonin and sleep pattern was assessed.
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Results
Melatonin secretion pattern in these critically ill patients followed a phase-delayed diurnal curve with acrophase in serum at 4.30
am and nadir at 4.30 pm (fig.1). We did not observe any effect of remifentanil on melatonin secretion pattern. We found the risk
of having atypical sleep compared to normal sleep being significantly lower (p=0.000) under remifentanil analgosedation, though
REM-sleep was only observed during the nonsedation period.
Discussion
In line with findings by Gehlbach et al.2, we observed phase-delayed diurnal variation of melatonin secretion in our patients.
Evening light exposure in ICU due to procedures could probably explain phase-delay.
The effect of remifentanil on melatonin secretion has only been studied in healthy participants. We found no effect of remifentanil analgosedation on melatonin secretion pattern in our patients. Small doses of remifentanil possibly explain missing effect of
remifentanil on melatonin secretion.
The association of remifentanil with the presence of atypical /normal sleep characteristics in PSG in critically ill patients has not
yet been studied. We found remifentanil to be associated with lower risk for atypical sleep compared with normal sleep. The
etiology of this finding is unclear and needs further investigation.
Conclusion
We found preserved but phase-delayed diurnal pattern of melatonin secretion in these critically ill patients on mechanical ventilation. Remifentanil did not have any effect on melatonin secretion pattern, but was associated with lower risk of atypical sleep
pattern compared with normal sleep. REM sleep was only seen in the PSG recordings without remifentanil.
References
1. Watson et al. Atypical sleep in ventilated patients: empirical electroencephalography findings and the path toward revised ICU
sleep scoring criteria. Critical care medicine 2013;41:1958-67.
2. Gehlbach et al. Temporal disorganization of circadian rhythmicity and sleep-wake regulation in mechanically ventilated patients receiving continuous intravenous sedation. Sleep 2012;35:1105-14.
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Pressure ulcers in critically ill patients – preventable by non-sedation? A substudy of the
NONSEDA-trial

Introduction
Pressure ulcers increase the risk of serious infection and are associated with higher mortality and longer stay in the ICU [1]. Pa5

tients on mechanical ventilation are often sedated, leading to sustained periods of immobility. Clinical experience suggests that
nonsedated patients are easier mobilized and change position in bed more often. We therefore hypothesize that nonsedation
might prevent pressure ulcers.
Methods
Retrospective data on patients included in the NONSEDA trial, at the Kolding trial site, per May 1, 2016. In the NONSEDA-trial
patients are randomised to standard care (sedation with a daily wake up) or nonsedation during mechanical ventilation. Whether
a patient is sedated cannot be blinded. However, the ICU-nurses performing the clinical assessment were unaware that we
investigated pressure ulcers. All data were extracted before the patient’s randomization status was revealed. If we encountered
difficulties ascertaining whether an ulcer was ICU-acquired or present at admission, we chose worst-case scenario and assumed
that the ulcer was ICU-acquired. The primary outcome was total number of pressure ulcers acquired in the ICU, described by
grade (I-IV) and localization.
Results
We identified 65 pressure ulcers in 150 patients. There were no significant differences between groups regarding sex, age, BMI,
APACHE II or SAPS II. There were 34 grade 1 pressure ulcers (sedated: 18, nonsedated: 16), 29 grade 2 ulcers (sedated: 17, nonsedated: 12) and 2 grade 3 ulcers (sedated: 1, nonsedated: 1), with no significant difference between groups. Concerning localization, we grouped results into three: sacrum, heels and caused by equipment (for example from at nostril from oxygen catheter).
The localization of the ulcers were significantly different (p=0.04): sacrum (sedated: 36%, nonsedated: 21%), heels (sedated: 33%,
nonsedated: 17%), from equipment (sedated: 31%, nonsedated: 62%).
Disscussion
We found no significant difference in the incidence of pressure ulcers. The vast majority of the ulcers identified were grade 1 and
2 were, reflecting the great awareness on pressure ulcers in Denmark and in this particular ICU. This awareness is reflected in the
relatively high number of grade 1 pressure ulcers, which also covers “pressure traces”, describing a condition before grade 1.
A difference in the localization of pressure ulcers was found. The sedated patients mainly had ulcers in the classic localizations,
sacrum and heels. The non-sedated mainly had ulcers related to various equipment. Considering the long-term prognosis, ulcers
deriving from equipment are most likely easier to relieve and must be expected to heel faster.
This substudy is planned to include 200 patients. We expect to reach this number in November 2016. When data on all patients
are available, analyses will be updated.
Reference
1. Cooper, L et al. The prevention and management of pressure ulcers: summary of updated NICE guidance. J Wound Care 2015
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Risk prediction models for mortality in patients with ventilator-associated pneumonia:
A systematic review and meta-analysis

Introduction
Ventilator-associated pneumonia (VAP) is a common and serious complication in patients requiring mechanical ventilation in the
intensive care unit (ICU). A precise instrument to stratify the severity among patients with VAP is warranted to reduce heterogeneity in clinical trials, better define the disease and ultimately improve clinical therapy [1]. The aim of this study was to identify
models used to predict mortality in VAP patients and assess their prognostic accuracy.
Methods
PUBMED and EMBASE were searched in February 2016. We included studies in English that evaluated models ability to predict
the risk of mortality in unselected patients with VAP. The reported mortality with the longest follow up was used in the meta-analysis. Prognostic accuracy was measured with the area under the receiver operator characteristic curve (AUC).
Results
We identified 19 articles studying 7 different models’ ability to predict mortality in VAP patients. The models were APACHE II (9
studies, n=1398), CPIS (4 studies, n=303), IBMP-10 (3 studies, n=406), VAP PIRO (2 studies, n=589), SOFA (7 studies, n=1019),
6

SAPS II (6 studies, n=1043) and APACHE III (1 study, n=198). APACHE II had the highest pooled AUC (95% confidence intervals),
0.72 (0.64-0.80) and CPIS had the lowest pooled AUC, 0.64 (0.55-0.72).
Discussion
We identified 7 models that have been evaluated for their ability to predict mortality in patients with VAP. Of these, APACHE II
was the most studied model. IMBP-10 and VAP PIRO are designed to predict mortality in VAP patients and are based on few variables. They have shown promising results in their original studies, which could not be reproduced in the validation studies. SAPS
II and SOFA score have been studied in combination with the biomarkers Procalcitonin and Midregional pro-atrial natriuretic
peptide, which improved the predictive accuracy [2]. It is possible, that the simpler prediction models could benefit from the
biomarkers at VAP onset, making them more precise in predicting death.
Conclusion
Many models have been evaluated for their ability to predict mortality in patients with VAP. The models had nearly equal predictive accuracies, although some models are more complex and time consuming.
[1] Wiskirchen DE et al. The use of scoring systems to predict prognosis in patients with ventilator-associated pneumonia. Clin
Pulm Med 2011;18:181–5.
[2] Boeck L et al. Midregional pro-atrial natriuretic peptide and procalcitonin improve survival prediction in VAP. Eur Respir J
2011;37:595–603.
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CHANGES IN COAGULATION AFTER SPONTANEOUS INTRACEREBRAL HAEMORRHAGE

Introduction
In Denmark, 1,500 patients suffer a spontaneous intracerebral haemorrhage (ICH) annually. Treatment options are few with a 30day mortality at 35-50 % (1). Previous studies indicate abnormalities in coagulation and fibrinolysis after ICH (2,3). New laboratory tests provide opportunities to investigate the dynamic haemostatic changes following ICH.
Aim
To describe coagulation in ICH patients at admission and during the first 24 hours after symptom onset. Our hypothesis was that
ICH patients had a systemic activated coagulation at admission compared to 24 hours after symptom onset.
Methods
The Study was approved by the Regional Committee System. Patients diagnosed with ICH were enrolled prospectively at Aarhus
University Hospital. Blood samples were obtained at time of arrival to hospital as well as 6 and 24 hours after symptom onset (+/2 hours). Conventional coagulation tests were measured.
ROTEM® analyses were performed using the standard assays EXTEM, INTEM, FIBTEM and HEPTEM. Thrombin generation was
quantified by Calibrated Automated Thrombogram®.
Reference interval for ROTEM (figure 1 and 2) were obtained from Department of Clinical Biochemistry, Aarhus University Hospital. All results are reported as median (interquartile range), except for age.
Results
Forty-one patients were enrolled with a mean age of 62 years (range 27-95 years), 66 % were women. At admission, Median
Glasgow Coma Score (GCS) was 13 (9-15), National Institutes of Health Stroke Scale (NIHSS) score was 16 (7-20) and median APACHEII score was 15 (11-21). Thirty days mortality was 17%.
Conventional coagulation tests showed elevated fibrin D-dimer at 1.2 mg/ml (0.6 – 2.0 mg/ml, reference interval: <0.5 mg/ml) at
admission, and 1.1 (0.4 – 2.0) (p= 0.07) at 24 hours. Eighty-two percent were outside reference interval at admission.
ROTEM® parameters demonstrated a subtle hypercoagulable state in the acute phase and 24 hours after symptom onset. EXTEM
maximum clot firmness (MCF) was elevated both at admission (67 mm (62-70 mm)) and after 24 hours (66 mm (63-69 mm))
7

(p = 0.2), with 60 % outside reference interval at admission. FIBTEM MCF was elevated both at admission (21 mm (16-26)) and
after 24 hours (21 mm (17-23)) (p= 0.7), with 55 % outside reference interval (Figure 1 and 2). Thrombin generation results were
within reference interval except for time to peak, which at admission was (5.9 min (5.1- 7.0 min)) compared to 24 hours (6.4 min
(5.9 - 7.7)) (p = 0.2), with 59 % outside reference interval.
Conclusions
ROTEM® and conventional coagulation tests indicated a subtle systemic hypercoagulable state in ICH patients in the acute phase
and up to 24 hours after symptom onset. The subtle systemic hypercoagulable state did not change significantly within 24 hours
after admission. The present results support new evidence that a hypercoagulable state occurs following an acute ICH.
Referencer
(1) Yu Y, Wu J, Zhao W, Zhu C, Gao X. Calibrated automated thrombography for monitoring
coagulation function in patients with intracerebral haemorrhage. J Int Med Res. 2015 Jun.
(2) Rajajee V, Brown DM, Tuhrim S. Coagulation abnormalities following primary
intracerebral haemorrhage. J Stroke Cerebrovasc Dis. 2004 Mar-Apr.
(3) Kawano-Castillo J, Ward E, Elliott A, Wetzel J, Hassler A, McDonald M, et al.
Thrombelastography detects possible coagulation disturbance in patients with intracerebral
hemorrhage with hematoma enlargement. Stroke. 2014 Jan.
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Low incidence of biphasic allergic reactions in patients admitted to intensive care following
anaphylaxis

Background
Biphasic allergic reactions (BAR) are reported in the literature to occur in
1-23% of allergic reactions. This apparent risk of a recurrence of the allergic symptoms leads to increased observation time in patients admitted to hospital following anaphylaxis. There is currently no consensus on the optimal observation time in anaphylaxis
guidelines worldwide. Patients admitted to intensive care following anaphylaxis may be postulated to have had more severe
reactions and potentially a higher risk of a BAR; however this has never been investigated.
The purpose of this study was to examine incidence, triggers, symptoms and treatment of BAR, in patients admitted following
anaphylaxis to intensive care units (ICUs) in the Capital Region of Copenhagen.
Method
Records of all patients admitted to five ICUs in the period 2011-2014 with the diagnoses: “Anaphylaxis without specification” or
“Anaphylaxis by correct drug administration” were reviewed for data on the initial allergic reaction, which led to intensive care
admission. Only patients with a clinical reaction fulfilling internationally accepted criteria for anaphylaxis (1) were included.
Records from ICU were then reviewed to identify potential BAR defined as renewed allergy symptoms occurring 1-78 hours after
initial symptoms had resolved, without further exposure to the potential trigger.
Results
A total of 83 cases of anaphylaxis leading to hospitalization in one of five ICUs were identified. Drugs were the most common
trigger (70%) with antibiotics accounting for 45%. Skin symptoms were present in 83% of cases, followed by circulatory (58%),
and respiratory (54%) symptoms. Respectively 98% and 96% were treated with antihistamines and steroids, however, only 80%
were treated with adrenaline. Only ten cases presented at least one symptom after the initial allergic reaction. Of these, three
were possible and one was a probable BAR giving a total incidence of 4.8% (1.2% if only including the probable reaction). All
cases were mild with skin symptoms only, and occurred on average 14 hours after the initial reactions.
Discussion
This study finds that the incidence of BAR in patients admitted to ICU following anaphylaxis is lower than suggested in the literature. None of the identified reactions were severe and all responded to treatment with antihistamines and steroids. This implies
a need for an evaluation of recommended observation times after anaphylaxis, for which there is currently no consensus. Also,
further studies identifying potential risk factors for rare BAR are needed.
Conclusion
The findings in this study implies that the incidence of BAR may be overestimated in the literature.
(1) Sampson, H.A., et al., Second symposium on the definition and management of anaphylaxis: summary report--second National Institute of Allergy and Infectious Disease/Food Allergy and Anaphylaxis Network symposium. Ann Emerg Med, 2006. 47(4):
p. 373-80.
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