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Validation of a pre-anaesthetic screening questionnaire W. G. Hilditch,1 A. J. Asbury,1 E. Jack2 and S. McGrane1 1 University Department of Anaesthesia, Gartnavel General Hospital, 30 Shelley Court, Glasgow G12 OYN, UK 2 Department of Anaesthesia, Glasgow Royal Infirmary, Glasgow, UK Summary



We developed a screening questionnaire to be used by nurses to decide which patients should see an anaesthetist for further evaluation before the day of surgery. Our objective was to measure the accuracy of responses to the questionnaire. Agreement between questionnaire responses and the anaesthetist’s assessment was assessed. For questions with a prevalence of 5 to 95%, the Kappa coefficient was used; percentage agreement was used for all other questions. Criterion validity was excellent ⁄ good for all questions with a prevalence between 5 and 95%, except for the question ‘Do you have kidney disease?’ For questions with prevalence < 5%, all demonstrated adequate criterion validity except the questions ‘Has anyone in your family had a problem following an anaesthetic?’ and ‘If you have been put to sleep for an operation were there any anaesthetic problems?’ Therefore, it is reasonable for nurses to use this questionnaire to determine which patients an anaesthetist should see before the day of surgery. Keywords



Anaesthesia; pre-operative, assessment, questionnaire.
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Recent advances in anaesthetic and surgical practice have facilitated the growth of ‘fast track’ surgery [1, 2]. Careful outpatient assessment is fundamental to the success of this type of surgery and the Association of Anaesthetists of Great Britain and Ireland now recommends assessment at a pre-operative assessment (POA) clinic [3]. The provision of a pre-operative screening and assessment service at POA clinics supplies background information about patient’s general medical status and fitness for anaesthesia. POA clinics improve patient care by allowing careful pre-operative evaluation and optimisation of coexisting disease [4], reduce costs [5, 6], improve efficiency [7], and lower surgical cancellation rates [8, 9]. In POA clinics, nurses increasingly carry out preoperative screening [10]. Although they are not qualified to decide if a patient is fit for anaesthesia, they play a valuable role in identifying patients who are at risk and require further evaluation and optimisation before the day of surgery [11]. Nurses screen patients for risk factors for fitness for anaesthesia and surgery using questionnaires [12]. These can be self-administered by the patient [9], or used during structured interviews [13], or computer 874



programs [14]. Although many locally developed questionnaires exist, few have been formally assessed. We have developed a multi-tiered screening questionnaire to be used by nurses to decide which patients should be seen at a POA clinic by an anaesthetist for further evaluation and optimisation. Using Delphi consensus methods, we have already evaluated content validity for each question [15] to ensure that the questions are relevant to concept being measured. Our objective was to perform item analysis of the screening questionnaire and measure criterion validity [16], that is, is it a true measure of what it is designed to measure? By testing individual questions beyond basic content validity, we were able to put them together in a complete questionnaire with more confidence to produce a useful screening ‘instrument’. Method



The questionnaire contained 17 ‘closed end’ questions about general health, exercise tolerance, family history and previous anaesthetic history. Patients complete the  2003 Blackwell Publishing Ltd



Anaesthesia, 2003, 58, pages 874–910 Forum . ....................................................................................................................................................................................................................



questionnaire unaided, giving a ‘yes’, ‘no’, or ‘don’t know’ response. Patients are given instructions about recording their answers, but no advice is given for selecting the answers to each question. After local research ethics committee approval, a convenience sample of 100 participants were recruited from patients admitted to the urology and orthopaedic wards for inpatient surgery. Only patients with English as their first language were recruited. The patients completed the questionnaire, and within 30 min, an anaesthetist (specialist registrar) checked the responses during a structured interview; the specialist registrar read out each question and confirmed the answer. For the purposes of this study an anaesthetist of at least specialist registrar grade was considered to be the ‘gold standard’. Evidence of criterion validity was sought by evaluating the agreement between the patient’s responses and the anaesthetist’s assessment [16]. The usual measure for agreement is the Kappa coefficient (j), this measures agreement making allowance for the effect of chance; however, the j coefficient is unreliable when the prevalence is < 5% or > 95% [17, 18]. In these circumstances, the percentage agreement is the preferred measure [19]; percentage agreement is number of correct answers divided by the total number of answers. The prevalence of a ‘yes’ response for each question was first calculated. If prevalence was from 5 to 95%, then the j coefficient was used as the measure of criterion validity. For any other prevalence the percentage agreement between the patient’s and the anaesthetist’s responses was calculated and used as the measurement of criterion validity. The j coefficient can be used as a measure of criterion validity. The range of values for the j coefficient is from +1 to )1; 1 indicates perfect agreement; 0 indicates agreement no better than chance; )1 indicates complete disagreement. The interpretation of values between 1 and 0 is shown in Table 1. For questions with a prevalence < 5%, or > 95%, the percentage agreement between the patient’s and the anaesthetist’s responses was used as the measure of criterion validity. If the percentage agreement was 95% or greater, then the question was considered to have Table 1 Interpretation of the range of values of the j coefficient



[17]. Value of kappa



Strength of agreement



< 0.20 0.21–0.40 0.41–0.60 0.61–0.80 > 0.81



Poor Fair Moderate Good Excellent
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adequate criterion validity. If the percentage agreement was < 95% then criterion validity was undetermined. Data were analysed using MINITAB Release 13.32 for Windows. Results



All of the 100 recruited patients completed the selfadministered questionnaire and were interviewed thereafter. There were 58 males and 42 females and the mean [range] age was 60.7 [17–87] years. The questions, prevalence of yes responses, measure of validity, j coefficient, percentage agreement and level of criterion validity are shown in Table 2. Questions 3, 7, 8, 12, 13, 15 and 16 had a prevalence of < 5% and the percentage agreement was used as a measure of criterion validity. Questions 3 and 7 had < 95% percentage agreement and validity was undetermined. Questions 8, 12, 13, 15 and 16 had a percentage agreement > 95% and were considered to have adequate criterion validity. For all other questions, the measure of validity used was the j coefficient. Questions 4, 6, 9, 10, 14 and 17 all had excellent criterion validity; questions 1, 5 and 11 had good criterion validity. Question 2 demonstrated only moderate criterion validity. Discussion



This study has measured the criterion validity for questions in a multi-tiered screening questionnaire used to identify patients who should be seen by an anaesthetist before the day of surgery. The main findings are that the criterion validity is excellent or good for all questions that have a prevalence of 5% or greater except for question 2. Question 2 has only moderate criterion validity. For questions with a prevalence < 5%, all demonstrated adequate criterion validity except questions 3 and 7. Therefore, it is reasonable to use this questionnaire to obtain information about the general health, exercise tolerance, and risk factors for anaesthesia, and when applied to local protocols can be used to determine which patients an anaesthetist should see before the day of surgery. The interpretation of the questions varies among patients, and the response may be incorrect when compared to a ‘gold standard’. This may explain why question 7, ‘If you have been put to sleep for an operation were there any anaesthetic problems?’ and 3, ‘Has anyone in your family (blood relatives) had a problem following an anaesthetic?’ have undetermined criterion validity. These questions are important for detecting risk factors for anaesthesia [20], such as previous airway problems, malignant hyperthermia, acute porphyria and allergies. However, there was inadequate agreement between the 875
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Table 2 Questions, prevalence of yes responses, measures of validity, j coefficient, percentage agreement and level of criterion



validity.



Question



Prevalence*



Measure of validity



j coefficient



Percentage agreement



Criterion validity†



1. Do you usually get chest pain or breathlessness when you climb up two flights of stairs at normal speed 2. Do you have kidney disease 3. Has anyone in your family (blood relatives) had a problem following an anaesthetic 4. Have you ever had a heart attack 5. Have you ever been diagnosed with an irregular heartbeat 6. Have you ever had a stroke 7. If you have been put to sleep for an operation were there any anaesthetic problems 8. Do you suffer from epilepsy or seizures 9. Do you have any problems with pain, stiffness or arthritis in your neck or jaw 10. Do you have thyroid disease 11. Do you suffer from angina 12. Do you have liver disease 13. Have you ever been diagnosed with heart failure 14. Do you suffer from asthma 15. Do you have diabetes that requires insulin 16. Do you have diabetes that requires tablets only 17. Do you suffer from bronchitis



28



j



0.65



–



Good



12 3



j Percentage agreement



0.54 –



–



8 16



j j



0.86 0.69



– –



6 2



j Percentage agreement



0.92 –



–



2 21



Percentage agreement j



– 0.81



5 16 1 2 11 2 3 8



j j Percentage Percentage j Percentage Percentage j



0.81 0.77 – – 0.82 – – 0.94



agreement agreement agreement agreement



89



Moderate Undetermined Excellent Good



89 97 – – – 96 100 – 100 99 –



Excellent Undetermined Yes Excellent Excellent Good Yes Yes Excellent Yes Yes Excellent



*Values are per cent. †Level of criterion validity: for j coefficient explanation, see Table 1. Percentage agreement; yes = 95% or greater percentage agreement therefore adequate criterion validity; undetermined = less than 95% agreement.



questionnaire responses and anaesthetist’s assessment for these questions. The purpose of these questions was to detect serious life-threatening complications but patients may have answered yes to the question for complications such as postoperative nausea and vomiting. Although this is valuable information for planning the anaesthetic technique, the anaesthetist would have recorded this as a no response. These questions require restructuring to include a second tier of questions to include only serious, life-threatening complications. Patient characteristics may influence the interpretation of questions and could lead to incorrect answers. Question 2, ‘Do you have kidney disease?’ was found only to have moderate criterion validity. The extent of renal impairment in patients with chronic renal impairment can vary from those with slightly raised urea and creatinine concentrations to those dependant on renal dialysis. It is essential that adequate time be taken to assess the extent of renal impairment and associated conditions in the pre-operative period. The consensus among anaesthetists is that these patients should be seen before the day of surgery [15], however, the question has only moderate criterion validity in identifying the patients who should be seen. This may be partly due to the group of patients participating in the study. Many patients were attending for urological surgery and may have answered 876



the question yes for conditions such as enlarged prostate or renal tract calculi. During the structured interview with the anaesthetists, these responses would have been assigned a no response. This question requires re-wording and further testing before it can be accepted as a valid screening question. There are difficulties associated with the use and interpretation of the j coefficient. The value of the j coefficient depends upon the prevalence of responses in each category [19, 21]. The reason for this is that the distribution of responses is different and therefore the chance expected frequencies are different. Furthermore, it is well known that it is very difficult to achieve high reliability of any measure in a homogenous population [18]. This is not a flaw in the j coefficient or any other measure of reliability; it merely reflects the fact that it is difficult to make clear distinctions between patients in a population in which those distinctions are rare. Therefore, the criterion validity was estimated using the percentage of matched agreement rather than the j coefficient for questions that had a prevalence of < 5% or > 95%. There is no agreed measure of criterion validity using percentage agreement; therefore, 95% was chosen to indicate adequate criterion validity. For questions with a value < 95%, the adequacy of criterion validity was undetermined and further work is required to determine criterion validity.  2003 Blackwell Publishing Ltd
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Sample size calculations are complex for using the kappa coefficient. The prevalence of responses for each question for each observer needs to be known and for this study there was no previous work available; we felt that a sample size of 100 would be appropriate for this initial study. Despite the use of screening questionnaires for many years [9], few studies have tested the content or criterion validity of the questions. Many questions used in preoperative screening questionnaires provide valuable information about the patient’s medical history and physical condition but not all questions need to be asked to determine the timing of evaluation by an anaesthetist. The questions chosen for this questionnaire were devised to detect those pre-existing conditions previously shown to be associated with peri-operative adverse events [22, 23]. Screening for these conditions would detect patients at risk allowing for referral to an anaesthetist for further evaluation and pre-operative optimisation. This ensured content validity. We have shown a high level of concordance between the questionnaire responses and the information obtained during a structured interview with an experienced anaesthetist. Therefore, the self-completion of this questionnaire is a valuable instrument for assessing a patient and providing guidance on the timing of evaluation by an anaesthetist. There are many uses for this screening questionnaire; patients could complete the questionnaire at the surgical outpatient department when the need for surgery is identified; if waiting list delays are likely then the questionnaire could be completed nearer the date of surgery by post. The responses may then be assessed using protocols to identify those patients with increased risk who need an anaesthetic review before the day of surgery. Acknowledgments
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Effects of hypertonic saline (7.5%) on extracellular fluid volumes in healthy volunteers K. Ja¨rvela¨,1 M. Koskinen2 and T. Ko¨o¨bi2 1 Department of Anaesthesia and Intensive Care, 2 Department of Clinical Physiology, Tampere University Hospital, PO Box 2000, 33521 Tampere, Finland Summary



This study evaluated the effects of 7.5% saline on plasma and other extracellular fluid volumes. After baseline measurements, eight healthy postmenopausal female volunteers received 4 ml.kg)1 of hypertonic saline over 30 min. After the fluid infusion, the volunteers were studied for 60 min. Plasma volume was measured using a dilution of 125-iodine-labelled human albumin. Extracellular water and cardiac output were measured by whole body impedence cardiography. The infused volume was 4 ml.kg)1 (average 260 ml). Plasma volume increased rapidly during the infusion (mean ± standard deviation, 442 ± 167 ml). At the end of the 1-h follow-up period, plasma volume had increased by on average 465 ml (SD 83). The increase of extracellular water at the end of infusion and at the end of study was 650 ml (SD 93) and 637 ml (SD 192), respectively. The highest serum sodium recorded in the volunteers was 158 mmol.l)1. The effect of 7.5% saline on plasma volume was rapid and lasted for at least 1 h. Plasma volume remained elevated by more than the infused volume at the end of the study. The increase in plasma and extracellular fluid volumes was partly achieved by mobilizing intracellular water to extracellular compartment. Keywords



Hypertonic saline; extracellular fluid, plasma volume.
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Hypertonic saline causes intravascular and interstitial fluid volume expansion by increasing intravascular osmolality [1]. Hypertonic saline is inexpensive and does not cause allergic reactions. In addition, there is no risk of infection transmission [2]. Hypertonic saline solutions of various concentrations (1.8–7.5%) have been investigated in haemorrhagic [3], cardiogenic [4], refractory hypovolaemic shock [5] and following surgery [6]. Circulating plasma volume restoration is achieved with a small infused volume (4 ml.kg)1) [3, 4]. The haemodynamic disturbance is rapidly corrected but the effect is transient. Rapid correction may, however, be important in preventing later complications of shock. Based on existing studies, the actual effect of hypertonic saline on plasma volume is not clear. Smith et al. found an 8–12 ml.kg)1 increase in plasma volume after infusing 4 ml.kg)1 of 7.5% saline for resuscitation of hypovolaemic sheep [7]. In our previous study, we used 4 ml.kg)1 of 7.5% saline in the treatment of rewarming 878



hypovolaemia after coronary artery bypass grafting. The increase in plasma volume was almost twice the volume of the study fluid at the end of infusion but less than that after 1 h [8]. Vascular permeability is abnormally high after cardiopulmonary bypass because of diluted serum proteins, reduced plasma colloid osmotic pressure and increased capillary permeability [9]. The present study was designed to evaluate the distribution of water within the extracellular space after infusing 4 ml.kg)1 of 7.5% hypertonic saline to healthy volunteers with normal vascular permeability. Methods



Eight healthy postmenopausal female volunteers were enrolled after obtaining institutional study approval and written informed consent. All volunteers received oral non-radioactive iodine before the study to protect the thyroid gland from any effects of 125-iodine. A 16-gauge  2003 Blackwell Publishing Ltd
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completed 50 min after the 125-iodine-labelled human albumin injection. The volunteers emptied their bladder before the study and urine output was measured at the end of the study. Statistical analysis was performed using the SPSS for Windows (version 10.0) (SPSS Inc., Chicago, IL). The results were analysed using the analysis of variance for repeated measures over time. Paired sample t-tests (comparison to baseline) were performed at different time points. Results are expressed as mean and standard deviation (SD) or median and range. A p-value of < 0.05 was considered significant. Results



The demographic data of the eight volunteers is presented in Table 1. There were some technical difficulties with blood sampling in one subject and her data was excluded from the analysis. The infused volume of hypertonic saline was 4 ml.kg)1, or 260 (SD 21) ml. The baseline plasma volume was 2557 (SD 179) ml. Plasma volume increased by 442 (SD 167) ml during the infusion (p < 0.001 compared to baseline). After that there was a small peak followed by a plateau in plasma volume curve. At the end of 1-h follow-up period, plasma volume had increased by 465 (SD 83) ml (p < 0.001 compared to baseline) (Fig. 1). Table 1 Demographic data of volunteers.



Age; year Weight; kg Height; cm



Mean



Median (range)



56 64.9 165



55 (52–67) 64.5 (59–76) 166 (156–172)



3750



Plasma Volume (ml)



3500 3250 3000 2750 2500



90



70



50



40



30



20



10



2250



ba se lin e



cannula was inserted in a peripheral vein in the antecubital fossa for fluid infusion. A radial artery catheter was inserted for blood sampling. A CircMon B202 (JR Medical Ltd, Saku Vald, Tallinn, Estonia) measured whole body impedance cardiography to derive heart rate, cardiac index, left cardiac work index, systemic vascular resistance index and extracellular water. Disposable ECG electrodes (Blue sensor type R-00S, Medicotest A ⁄ S, Ølstykke, Denmark) were used. A pair of electrically connected current electrodes was placed just proximal to the wrists and ankles. Voltage electrodes were placed proximal to the current electrodes; the distance between the electrodes was 5 cm [10]. Measurements were performed in supine position; the patient’s limbs were electrically isolated from the trunk to prevent connection during the bio-impedance measurements. Extracellular water volume (in litres) was calculated using K · H2 ⁄ R, where H is the patient’s height (cm), R the resistive part of the whole-body bio-impedance (W) and K the correction factor (Kmales ¼ 0.078, Kfemales ¼ 0.095). Arterial blood pressure was measured noninvasively using Accutorr 4 (Datascope Corp., Montvale, NJ) and sent to the CircMon B202 monitor. Plasma volume was measured as the distribution volume of 125-iodine-labelled human albumin (Institute for Energy Technology, Kjeller, Norway). A dose of 200 kBq was injected intravenously. The recommended method is to use three blood samples and extrapolation to zero time according to the International Committee for Standardisation in Haematology [11]. When using a single 10-min sample technique, a 1.5% underestimate is applied to account for the slight leak of tracer from vascular space [12]. In this study, blood samples were taken through the radial artery catheter 15 and 20 min after injection of 125-iodine-labelled albumin. Plasma was separated and the activity of 1.5 ml samples was measured on a LKBWallac 1272 Clinigamma counter (Wallac Oy, Turku, Finland). Total counts above 10 000 were used to improve statistical accuracy. The mean of the first two measurements (15 and 20 min) was taken as the baseline value. Plasma samples were taken 30, 40 and 50 min during the infusion and 60, 70, 90 and 110 min after the injection (1-h follow-up times) to quantify plasma volume changes. Interstitial water was calculated as the difference between extracellular water and plasma volume. After baseline measurements, the volunteers received sodium chloride 7.5% as a single dose of 4 ml.kg)1 into the peripheral venous line over 30 min. Haematocrit, plasma sodium and serum osmolality were measured. The baseline values were recorded 20 min after the 125-iodine-labelled human albumin injection. The study fluid infusion was then started. The infusion was



Time (mins) Figure 1 Plasma volume varying during the hypertonic saline



infusion. Changes were similar in all volunteers. Data is incomplete in one volunteer because of technical difficulties with blood sampling. 879
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Extracellular and interstitial water volumes changed from the baseline values (Fig. 2). The increase of extracellular water at the end of infusion and at the end of study was 650 (SD 93) ml and 637 (SD 192) ml, respectively. The interstitial water initially decreased by 112 (SD 95) ml but began to increase during the infusion. The increase of interstitial water at the end of infusion and at the end of study was 227 (SD 164) ml and 207 (SD 179) ml, respectively. All changes were statistically significant compared to the baseline except for interstitial water at 20 min. Cardiac index and mean arterial pressure increased during the study fluid infusion. The heart rate also increased but the stroke index did not change significantly. Systemic vascular resistance index remained unchanged during the whole study. The highest plasma sodium and serum osmolality seen in the volunteers were 158 mmol l)1 and 326 mosm.l)1, respectively Table 2. At the end of the study, the mean urine output was 939 (SD 336) ml.



Table 2 Haematocrit, plasma sodium and serum osmolality



during (from baseline to 30 min) and after (from 40 to 90 min) the infusion. Median values (range) are given.



Time



Haematocrit; %



Plasma sodium; mmol.l)1



Serum osmolality; mosm.l)1



Baseline 10 min 20 min 30 min 40 min 50 min 70 min 90 min



38 36 36 35 36 37 37 36



140 149 153 155 152 150 149 148



289 305 313 318 311 309 307 306



880



(33–41) (33–40) (32–40) (31–40) (32–41) (33–42) (32–42) (32–41)



(139–144) (146–152) (148–155) (148–158 (150–157) (149–152) (147–151) (146–151)



(286–294) (298–308) (301–319) (306–326) (307–317) (305–314) (303–310) (302–310)



Figure 2 Changes in extracellular water during the hypertonic saline infusion. All changes were statistically different from baseline except for interstitial water at 20 min. Extracellular water ¼ plasma volume + interstitial water. Error bars indicate standard error of the mean. Black bars: plasma volume, grey bars: extracellular water, white bars: interstitial water.



Discussion



In this study, plasma volume increased by 442 (SD 167) ml during the infusion and by 465 (SD 83) ml by the end of the follow-up period. Infusion of hypertonic saline produces a rapid hyperosmolar state and so increases the plasma and extracellular water volumes by drawing fluid from the intracellular space. After dilution of the intravascular hyperosmolality, fluid is redistributed back to the extravascular space. The diuretic effect of hypertonic saline solution, shown previously [1, 13], was confirmed in our study. Hypertonic saline improves renal function by increasing mean arterial pressure and reducing renal vascular resistance [14] thereby promoting fluid excretion. 125-Iodine-labelled albumin was chosen for plasma volume measurement because it distributes rapidly. Not all of the injected 125-iodine-labelled albumin will remain in the intravascular space. Karanko et al. reported approximately 9% decrease in activity over 2 h due to plasma leak [15]. Consequently, the plasma volume may be overestimated. However, this indicator dilution technique has been shown to be reproducible over 150 min in critically ill patients [16]. All the volunteers experienced the sensation of heat and compression around the arm during hypertonic saline infusion. This was probably caused by the high osmolality of the hypertonic saline solution and is difficult to eliminate [17]. The volunteers also developed headache, a sensation of heat on the chest and whole body shivering. These symptoms were welltolerated and disappeared gradually after the completion of the hypertonic saline infusion. Tollofsrud et al. reported similar adverse effects with a combination of hypertonic saline and dextran [18]. In this study, plasma volume increased almost twice the infused volume and remained elevated for at least 1 h.  2003 Blackwell Publishing Ltd



Anaesthesia, 2003, 58, pages 874–910 Forum . ....................................................................................................................................................................................................................



The duration of the effect of hypertonic saline on plasma volume may be related to vascular permeability. However, the maximal effect of hypertonic saline on plasma volume seems not to be dependent on patient’s volume status, since the effect was similar in hypovolaemic coronary artery bypass grafting patients and euvolaemic healthy volunteers. After coronary artery bypass grafting, patients have 5.5–7.5% reductions in plasma volume [19] whereas our volunteers were allowed to eat and drink normally before the study. The accuracy of the radio-isotope dilution technique decays with time but the rapid increase in plasma volume after hypertonic saline infusion was clearly seen. Hypertonic saline solutions are considered short-term plasma expanders, and colloids have been added to increase their duration of action [20]. In summary, the effect of hypertonic saline on plasma volume was rapid. It lasted for at least 1 h, at which time the plasma volume was still increased by more than the infused volume. The increase in plasma volume and extracellular water was partly achieved by shifting intracellular water to extracellular compartment. This fluid shift into the intravascular space leads to an enhanced urine output. Acknowledgements
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FORUM



Out of our reach? Assessing the impact of introducing a critical care outreach service A. J. Pittard Department of Anaesthesia, D Floor Jubilee Wing, The General Infirmary at Leeds, Great George Street, Leeds LS1 3EX, UK Summary



An outreach service was introduced in three surgical wards and the surgical high dependency unit in a large teaching hospital. A modified early warning score and callout algorithm were used to facilitate referrals to the team. Changes in unplanned admission rate to intensive care, length of stay, mortality rate and number of re-admissions following the introduction of outreach were sought. Following the introduction of the outreach service the emergency admission rate to intensive care fell from 58% to 43% (p ¼ 0.05). These emergency patients had shorter lengths of stay (4.8 days vs. 7.4 days) and had a lower mortality (28.6% vs. 23.5%, p ¼ 0.05). The re-admission rate also fell from 5.1% to 3.3% (p ¼ 0.05). The outreach service had a significant impact on critical care utilisation. Keywords



Critical care; outreach, early warning scores.
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The development of highly specialised hospital areas, while conferring certain advantages, has resulted in a gulf between the care available in such areas and the ward. This gulf and the lack of intensive care beds results in an increasingly sick population of patients being cared for outside the critical care facility. As the patient population becomes older and sicker and major surgery more complex, there is increased demand for critical care, which is already a scarce resource. The Audit Commission report ‘Critical to Success’ [1] drew attention to the need for critical care teams to be involved in the care of some patients prior to admission to intensive care. In June 2000, the Department of Health published ‘Comprehensive Critical Care: A Review of Adult Critical Care Services’ [2]. This set out a modernisation programme where patients become the focus of the service. It also highlighted the importance of multidisciplinary team working. One of its recommendations was the establishment of outreach services. Critical care outreach can be defined as ‘extending of services beyond current or usual limits’. The three essential objectives of an outreach service are to: 882



1 Avert admissions by identifying patients who are deteriorating and instituting treatment early or by ensuring timely admission to an area where they can be treated to ensure the best outcome. 2 Support the continued recovery of previously critically ill patients discharged to the ward and after discharge from hospital. 3 Share critical care expertise and experience. With any new service it is important to assess whether the suggested advantages are achieved. With this in mind an audit was established to 1 monitor various clinical outcomes; 2 see if outcomes meet the objectives; 3 ensure quality of service is acceptable. Methods



This was an observational study on a recently established service. Local Research Ethics Committee approval was not considered necessary The outreach team comprises senior critical care nurses and medical staff. The service is available 09.00–17.00, Monday–Friday. A multidisciplinary ward round is held  2003 Blackwell Publishing Ltd
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Table 1 Modification of the MEWS. Temperature has been removed and replaced by the degree of respiratory support ranging from



supplemental oxygen < 15 l.min)1, supplemental oxygen > 15 l.min)1 (Hi-flow) or requiring positive airway pressure support (CPAP ⁄ Bi-PAP). Score 3 Heart Rate; beats.min)1 Systolic blood pressure; mmHg Respiratory rate; Breaths.min)1 Urine output in last 4 h; ml Central nervous system Oxygen saturations; % Respiratory support ⁄ oxygen therapy



< 70 < 80



< 85% bi-PAP CPAP



2



1



0



1



2



3



< 40 71–80 


41–50 81–100 8–11 120–200 confused



51–100 101–179 12–20



101–110 180–199 21–25 > 800 responds to verbal command



111–130 200–220 26–30



> 130 > 220 > 30



responds to painful stimuli



unresponsive



86–89% hi-flow



90–94% oxygen therapy



every morning where patients seen include those discharged from intensive care unit (ICU) and those referred from wards. Patients are followed up until considered fit for discharge by the outreach team. The Modified Early Warning Score [3] was adapted to suit our own requirements (Table 1) and was used by ward staff as part of their routine observations. Patients identified as ‘at risk’, which in our study was a total score of 3 or more, were referred to appropriate personnel and managed in a timely fashion. This process was facilitated by the use of a call-out algorithm (Fig. 1). A score of 3 triggers a call to a junior member of the primary team and the outreach team. If there is no response from the junior doctor, the patient fails to improve or the score increases to over 5, a senior member of the primary team, along with the outreach team, is called. If there is no response this time from the primary team, the patient does not improve or the score is over 8, the consultant is called along with the outreach team and the ICU is also



awake and responsive > 95%



contacted. This system empowers ward staff to initiate a process that avoids delays that can occur in a typical hierarchical system and results in a rapid response and earlier intervention. On reviewing the patient, the outreach team either facilitates appropriate management along with surgical staff or arrange admission to ICU. A pilot study was carried out in four acute surgical ward areas to assess the impact of introducing an outreach service by measuring: 1 the need for admission to intensive care; 2 ICU length of stay; 3 mortality; 4 re-admission rate to the ICU; 5 number of elective surgical cases cancelled due to lack of critical care. The audit lasted from June to November 2001 and the data collected were compared to June to November 2000, prior to the introduction of the outreach service. Data regarding all patients visited by the outreach team



Figure 1 Call-out algorithm; including



the modified MEWS.
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were entered into a dedicated database. The ICU database provided information about admission, discharge and mortality. Statistical analysis was performed on the data using the XLSTAT 4.4 (AddinSoft, http://www.xlstat.com). Changes in unplanned admission rate and average length of stay were assessed using the Mann–Whitney U-test. The mortality and re-admission rates were compared using Fisher’s exact test. A p-value of £ 0.05 was considered statistically significant. Results



During the 6-month study period, 273 patients were seen by the outreach team. Of these, 89 (33%) were referred by ward staff when the patients scored over 3 or if the patients caused concern for any other reason. The total number of admissions to intensive care during the study period (n ¼ 297) did not differ significantly to that prior to outreach development (n ¼ 328); however, the unplanned admission rate from pilot wards fell from 58% to 43% (p ¼ 0.05). The average length of stay for all patients admitted to ICU was similar before and after outreach (3.4 days and 3.7 days, respectively). The average length of stay for unplanned admissions from pilot wards was 7.4 days but following the introduction of outreach, this fell to 4.8 days (p > 0.05) (Fig. 2). The overall ICU mortality remained unchanged (27.8% compared with 27.7%); however, the ICU mortality for unplanned admissions from pilot wards improved from 28.6% to 23.5% (p ¼ 0.05) (Fig. 3). All patients discharged from ICU were seen during the follow-up ward round each morning irrespective of their location. The number of patients re-admitted fell from 15 to 11 (5.1% vs. 3.3%, p ¼ 0.05) with the introduction of the service.



Figure 2 The average length of stay on ICU for all admissions



and for unplanned admissions from pilot wards prior to outreach (light bars) and following the introduction of an outreach service (dark bars). 884



Figure 3 The mortality rate for all patients admitted to ICU and



for unplanned admissions from pilot wards prior to outreach (light bars) and following the introduction of an outreach service (dark bars).



Discussion



An important aspect of patient focussed care is the identification of patients according to clinical need rather than where they are physically nursed in the hospital. Critical care encompasses intensive and high dependency care. Patients are classified as requiring Level 1, 2 or 3 care [4]. Level 1 patients are those at risk of deterioration but who can still be managed on a ward with additional support from the critical care team. Level 2 patients require more detailed observation, post-operative care or have single organ failure and Level 3 patients require advanced respiratory support or basic respiratory support with at least two organ failures. Patients need to be identified as early as possible so that the appropriate level of care can be provided. Sub-optimal care has been demonstrated prior to cardiac arrest [5, 6] and prior to ICU admission and this may lead to increased morbidity and mortality [7]. The Medical Emergency Team (MET) [8] and Patient at Risk Team (PART) [9] have been developed to identify these patients and to intervene at an earlier stage of their critical illness. Wardbased scoring systems such as the Early Warning Score (EWS) [10] and the Modified Early Warning Score (MEWS) [3] have also been devised. These score a number of physiological variables and the total score is used to identify patients who may need a higher level of care. The outreach team can then be contacted and appropriate care provided on the ward or the patient transferred to an area where it can be provided safely. A planned admission is any patient who arrives directly from theatre following elective surgery. Any other admission from pilot wards was defined as unplanned. Following the introduction of the outreach service the rate of unplanned admissions fell. Other workers have found patients who are identified as at risk by an early  2003 Blackwell Publishing Ltd
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warning scoring system are referred earlier by ward staff to both the surgical and the outreach teams [3]. A joint management plan which is patient- rather than specialtyorientated is provided and appropriate investigations and ⁄ or treatment initiated. This multidisciplinary approach is educational and has enabled better care to be provided in the ward setting. Frequent scoring accurately maps the patients’ course. In many instances an improvement is seen and admission to intensive care averted. Because of the support ward staff receive from the outreach service, the ward staff are comfortable providing a higher level of care in the ward setting. If patients are identified at an earlier stage in the disease process they may be less sick when they arrive on ICU and so the time spent in the critical care environment should be less. Although a reduction in the average length of stay was observed in this study, the result failed to reach statistical significance. This may be secondary to delayed discharge from intensive care due to inadequate numbers of Level 1 or Level 2 beds. The mortality rate for these patients also fell, indicating that earlier intervention may reverse the natural course of the disease. There have been several publications recently suggesting that intensive care patients may be discharged too early on occasion [11]. The reduction in our re-admission rate suggests that the potentially adverse effect of early discharge may be offset by effective outreach. Data collection regarding elective cases is difficult as patients may be cancelled without the knowledge of intensive care staff if the unit is busy. However, the surgical teams feel obtaining critical care support for patients has improved since the introduction of the service. Also, the ability to provide a higher level of care on the ward encourages surgeons to admit patients back to these areas immediately post-operatively, reducing the likelihood of cancellation. The major change in practice has been the earlier involvement of a multidisciplinary team. This is facilitated by the recognition on the ward of patients at risk of developing critical illness. This study has shown that the



critical care outreach service meets the aims set out in Comprehensive Critical Care [2]. Patient access to critical care has improved and mortality reduced. These changes have led to the provision of a better quality service for patients. References 1 Audit Commission. Critical to Success. London: Audit Commission, 1999. 2 Department of Health. Comprehensive Critical Care: a Review of Adult Critical Care Services. London: Department of Health, 2000. 3 Stenhouse C, Coates S, Tivey M, Allsop P, Parker T. Prospective evaluation of a modified Early Warning Score to aid earlier detection of patients developing critical illness on a surgical ward. British Journal of Anaesthesia 2000; 84: 663p. 4 Intensive Care Society. Levels of Critical Care for Adult Patients. London: Intensive Care Society, 2002. 5 Franklin C, Mathew J. Developing strategies to prevent inhospital cardiac arrest. analysing responses of physicians and nurses in the house before the event. Critical Care Medicine 1994; 22: 244–7. 6 Buist MD, Jarmolowski E, Burton PR, Bernard SA, Waxman BP, Anderson J. Recognising clinical instability in hospital patients before cardiac arrest or unplanned admission to intensive care. Medical Journal of Australia 1999; 171: 22–5. 7 McQuillan P, Pilkington S, Allan A et al. Confidential enquiry into quality of care before admission to intensive care. British Medical Journal 1998; 316: 1853–8. 8 Lee A, Bishop G, Hillman KM, Daffurn K. The Medical Emergency Team. Anaesthesia and Intensive Care 1995; 23: 183–6. 9 Goldhill DR, Worthington L, Mulcahy A, Tarling M, Sumner A. The patient-at risk team. identifying and managing seriously ill ward patients. Anaesthesia 1999; 54: 853–60. 10 Morgan RJM, Williams F, Wright MM. An early warning scoring system for detecting developing critical illness. Clinical Intensive Care 1999; 8: 100. 11 Goldfrad C, Rowan K. Consequences of discharges from intensive care at night. Lancet 2000; 355: 1138–42.
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Summary



Fifteen healthy volunteers were exposed to a stepwise increase in FIO2 between 0.21 and 1.0, and their haemodynamic responses were measured with a non-invasive transthoracic bio-impedance monitor. There was mean reduction in cardiac index from 3.44 to 3.08 l.min)1.m)2 (10.7%, p < 0.001). The mean reduction in heart rate was from 77.3 to 69.1 beats.min)1 (10.5%, p < 0.001) and the mean systemic vascular index increased from 2062 to 2221 dyne.s)1.cm)5.m)2 (7.7%, p < 0.025). There were no significant changes in stroke index or mean arterial pressure. These changes are similar quantitatively and qualitatively to those previously reported by dye dilution techniques. Keywords



Cardiac output; hyperoxia.
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Traditionally, an inspired oxygen fraction (FIO2) of 1.0 is administered during induction of and emergence from anaesthesia, primarily to increase the oxygen reservoir during the manipulation of the airway. During the maintenance of general anaesthesia, an FIO2 of at least 0.3 rather than air is used to counteract the respiratory effects of anaesthesia. Recently, use of an FIO2 of 0.80 during maintenance of anaesthesia has been advocated because this has been shown to reduce the incidence of wound infections and post-operative nausea and vomiting [1, 2]. In contrast, the possible detrimental effects of oxygen therapy on cardiac output in awake patients have been highlighted [3]. The secondary effects of high FIO2 during anaesthesia on the cardiovascular system are not clear. Animal studies have shown that oxygen reduces heart rate and cardiac output and increases systemic vascular resistance [4]. These findings have been confirmed in healthy volunteers [5] and patients with congestive heart failure, in whom the effect is more pronounced [6]. The possible haemodynamic effects of oxygen may be significant during general anaesthesia. It is ethically difficult to study this in healthy individuals, owing to the invasive nature of traditional cardiac output measurement techniques. Transthoracic electrical bio-impedance estimates cardiac output by measuring non-invasively changes in resistance to a small current applied to the thorax over time during the cardiac cycle. Early transthoracic bioimpedance monitors correlated poorly with thermodilution and dye dilution cardiac output measurement. However, this prompted further product development using improved computer technology and revised 886



algorithms [7]. Comparisons of more recent monitors have demonstrated better agreement between transthoracic bio-impedance and invasive measures of cardiac output [8]. In principle, transthoracic bio-impedance seems an ideal non-invasive method for estimating cardiac output in anaesthetised patients. The aim of this study was to quantify the haemodynamic changes to hyperoxia in healthy awake volunteers using thoracic electrical bio-impedance. Methods



Following approval by the Local Research Ethics Committee, 15 healthy volunteers gave their informed consent to participate in this study. Exclusion criteria included age less than 18 or greater than 70 years, significant cardiorespiratory disease, current treatment with cardiovascular medication and pregnancy. Before taking any measurements, the subjects rested for 5 min in the supine position to counteract postural effects on cardiovascular parameters. The volunteers were connected to the transthoracic bio-impedance monitor (BioZ System 1.52, Cardiodynamics International Corporation, San Diego, CA) in accordance with the manufacturer’s instructions. The volunteers’ weight and height were entered into the machine allowing measurements to be indexed for body surface area. The monitor displays an electrocardiogram, measures stroke volume and noninvasive blood pressure and calculates cardiac output, cardiac index and systemic vascular resistance. The measurement of cardiac index is continuous and is averaged over 20 cardiac cycles. In addition, arterial oxygen saturation (SpO2) and the inspired and expired  2003 Blackwell Publishing Ltd
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fractional concentration (FE´O2) of oxygen were measured with a combined spectrophotometric gas analyser and pulse oximeter (Capnomac Ultima, Datex-Ohmeda Ltd, Hatfield, Herts, UK). Increasing fractions of inspired oxygen of 0.21, 0.30, 0.80 and 1.0 were administered in a stepwise fashion from an anaesthetic circle system connected to a standard anaesthetic machine via a tight fitting facemask. The anaesthetic machine allowed the mixing of oxygen and medical air to deliver a precise FIO2. At each FIO2, the lungs were assumed to have equilibrated when FE´O2 was stable. This was taken as time zero, and all measurements were taken 5 min later to allow time for the cardiovascular effects to develop. At the end of the study, the volunteers breathed medical air for 5 min to verify that the effects were reversible. Room temperature was kept constant between 22 and 24 C. The heart rate, cardiac index, stroke volume, mean arterial pressure, systemic vascular resistance index and SpO2 at each inspired FIO2 were recorded. Sample size was calculated based on previously published data [6]. To detect a clinically significant difference in cardiac output of 0.56 (standard deviation 0.53) l.min)1, the sample size required was 12, assuming a power of 0.90 and a of 0.05. Results were analysed by repeated measures analysis of variance using SPSS for Windows (SPSS Inc., Chicago, IL). A multivariate procedure was used to test for overall differences in each haemodynamic variable between different levels of FIO2. A p-value of 0.05 was considered significant. The contrasts considered of primary interest (i.e. those between an FIO2 of 1.0 and 0.21 at baseline and at the end of the study) were tested using Bonferroni’s correction for multiple comparisons with a critical p-value of 0.025.



Table 1 Volunteer characteristics. Values are means (standard



deviations). Age; year Female ⁄ male; n Height; cm Weight; kg Body surface area; m2



34.6 (8.9) 7⁄8 174 (8.7) 78 (15.5) 1.94 (0.23)



Results



The demographic details of the volunteers are given in Table 1. All volunteers completed the study and were included in the analysis. No adverse events occurred during the study period. Increasing the FIO2 from 0.21 to 1.0 reduced the heart rate in all subjects but three. The cardiac index decreased in all subjects but one, where no change was observed. The stroke index and mean arterial pressure did not change significantly. The systemic vascular resistance increased in 11 subjects and decreased in four individuals. Summary data for the group as a whole are presented in Table 2. Oxygen administration led to a progressive rise in oxygen saturation. The main haemodynamic changes occurred between FIO2 of 0.21 and 0.8. There were significant differences in cardiac index, heart rate, systemic vascular resistance and SpO2 between FIO2 of 1.0 and 0.21 both at baseline and at the end of the study. There was mean reduction in cardiac index from 3.44 to 3.08 l.min)1.m)2 (10.7%, range 0–18.9). The mean reduction in heart rate was from 77.3 to 69.1 beats.min)1 (10.5%, range ) 1.7–21.7) and



Table 2 Effect of changing FIO2 on measured and calculated cardiovascular parameters. The values are means (standard deviations). Inspired fraction oxygen Haemodynamic parameters



0.21 start



0.3



0.8



1.0



0.21 end



p-value



Cardiac index; lÆmin)1Æm)2 Heart rate; beats.min)1 Stroke index; ml.m)2 SVRI; dyneÆsÆcm)5Æm)2 MAP; mmHg SpO2; %



3.44 (0.64) 77.3 (16.0) 45.3 (7.0) 2062 (391) 90.3 (10.9) 96.9 (0.8)



3.29 (0.55) 73.7 (15.6) 44.9 (7.4) 2128 (355) 89.1 (11.0) 98.1 (0.9)



3.09 (0.49) 71.2 (11.5) 45.4 (7.0) 2207 (343) 87.9 (9.2) 98.6 (0.7)



3.08* (0.51) 69.1* (11.2) 45.5 (6.6) 2221* (330) 88.8 (9.2) 98.7* (0.7)



3.25** (0.45) 74.1** (11.5) 44.3 (5.9) 2114** (331) 89.0 (10.0) 97.4** (1.0)



0.003 < 0.001 0.18 0.007 0.29 < 0.001



SVRI: systemic vascular resistance indexed. MAP: mean arterial pressure. SpO2: oxygen saturation. *Significantly different from baseline data at FIO2 0.21 (p < 0.025 for SVRI, otherwise p < 0.001). **Significantly different from data at FIO2 1.0 (p < 0.025 for cardiac index and SVRI, otherwise p < 0.001). p-value = multivariate test for overall difference between FIO2 levels.
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the mean systemic vascular index increased from 2062 to 2221 dyne.s.cm)5.m)2 (7.7%, range ) 11.1–25.9). There were no significant changes in stroke index or mean arterial pressure. Discussion



We have demonstrated a significant reduction in cardiac index in response to increasing the inspired oxygen fraction. The cardiac index decreased in a stepwise manner in response to increasing FIO2. The reduction in cardiac index was mediated via a reduction in heart rate, while stroke index was maintained. As there was no change in mean arterial pressure throughout the study period, this is consistent with an increase in mean systemic vascular resistance. These changes are similar quantitatively and qualitatively to those previously reported using more invasive (dye dilution) methods. Daly & Bondurant showed a reduction of cardiac index of 11%, a reduction in heart rate of 9%, an increase in peripheral resistance of 13%, a minimal increase in mean arterial pressure of 2% with no change in stroke index [5]. Early validation studies of thoracic electrical bioimpedance rightly called into question the accuracy of this technique for estimating cardiac output [7]. Recent studies, using the improved version of transthoracic bio-impedance, have shown better agreement between the cardiac output estimated by thermodilution (using a pulmonary artery catheter in patients following coronary artery bypass surgery) and transthoracic bio-impedance [8]. Lin’s concordance correlation r-value was 0.99, with a bias 0.07 l.min)1.m)2; there was no significant difference between transthoracic bio-impedance and thermodilution standard deviations. In addition, the fact the cardiovascular changes in response to hyperoxia are similar in magnitude to those demonstrated using a gold standard technique [5] adds to the validity of transthoracic bio-impedance as a non-invasive tool to study changes in cardiac output. It is unclear from this study whether the primary effect of oxygen is mediated by an increase of vascular resistance, with compensatory reduction in heart rate and cardiac index or via the autonomic nervous system to reduce the heart rate and cardiac index with compensatory increase in vascular resistance. The possible underlying mechanisms of cardiovascular changes to hyperoxia in humans remains controversial [5, 9, 10]. This study confirms that clinically relevant concentrations of oxygen have significant effects on the
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cardiovascular system in awake healthy volunteers. The effects of hyperoxia on the cardiovascular system of healthy patients under general anaesthesia are not currently clear. Traditional ways of studying this are invasive and so in this setting transthoracic electrical bio-impedance seems a viable alternative. Acknowledgements
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Comparative evaluation of methods for ensuring the correct position of the tracheal tube in children undergoing open heart surgery* Kyoung Ok Kim,1 Woo Sik Um1 and Chong Sung Kim2 1 Clinical Assistant Professor, 2 Professor, Division of Paediatric Anaesthesia, Department of Anaesthesiology and Pain Medicine, Seoul National University Hospital, 28, Yeongon-Dong, Chongro-Ku, Seoul, 110–744, Republic of Korea Summary



The length of the trachea varies and is relatively short in children, it is therefore difficult to determine the correct depth of tracheal tube placement. In 85 children, the tube was placed using one of the following methods: (i) after deliberate endobronchial intubation, withdrawal to the carina was confirmed by auscultation, and the tube was then withdrawn a further 2 cm (auscultation group); (ii) as above, except that withdrawal to the carina was confirmed by a decrease in peak inspiratory pressure (pressure group); (iii) the tube was placed with a 3.0-cm mark at the vocal cords (mark group). The mean (SD) distance from the tip of the tube to the carina was 1.91 (0.81) cm in the auscultation group, and 1.93 (0.67) cm in the pressure group. These were not significantly different (p > 0.05) from targeted distance of 2 cm. In the mark group, the tube was located 2.30 (0.98) cm above the carina in children younger than 36 months and was further from the carina [6.16 (1.0) cm] in older children. In 20% of patients initially randomly allocated to the mark group, the mark could not be visualised. In conclusion, the methods described above effectively achieve adequate tracheal tube depth in children. Keywords
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Tracheal intubation is one of the most common procedures in anaesthetic practice. Because paediatric patients are frequently unsuitable for regional anaesthesia, general anaesthesia with tracheal intubation is usually employed. However, it is difficult to determine the correct location of the tracheal tube in children because the length of the trachea is short and varies with age, leaving little margin for error. Thus, airway mismanagement is a major factor of morbidity and mortality in paediatric anaesthesia. To confirm the correct position of the tube, fiberoptic bronchoscopy is considered by many to be the definitive procedure, but it takes time and needs an available instrument and training [1]. An alternative, chest radiography, also takes time and exposes medical personnel to unnecessary radiation. As a result, fiberoptic bronchoscopy and chest radiography are not routinely used to  2003 Blackwell Publishing Ltd



confirm tube placement in anaesthetic practice. The method of intended right endobronchial intubation and then withdrawing the tube 2 cm from the carina has been described [2]. In another study, the nasotracheal tube length was set at the level of the vocal cords by placing a mark on a tube at the level of the vocal cords [3]. This study was undertaken to determine whether the three conventional methods are valid methods of placing the tube at a safe distance from the carina in children undergoing heart surgery for congenital defects. Methods



Institutional ethics committee approval and informed parental consent were obtained for this study. We collected data from 85 paediatric patients who required 889
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intubation of the trachea for general anaesthesia for heart surgery. Three anaesthetists participated in the study, all of whom had more than 4 years paediatric anaesthetic experience. Patients were randomly allocated to one of the method groups using computer-generated random numbers before intubation. After induction of anaesthesia and neuromuscular blockade, all patients were intubated with the appropriate size tube, which allowed air leakage at a pressure of 20–30 cmH2O. We used Mallinckrodt uncuffed tubes with a right-sided Murphy’s eye and a bevel facing to the left, which enabled the tip of the tube to enter the right main-stem bronchus when advanced beyond the carina. The Mallinckrodt uncuffed tubes bore two longitudinal radio opaque safety lines, 2.5 and 3 cm from its bevelled tip. In the auscultation group, we manually ventilated the patient after tracheal intubation and auscultated both lung fields to confirm that the tube was in the trachea. The tube was then gently advanced until it entered a mainstem bronchus, usually on the right. This event was confirmed by a loss of breathing sounds, usually on the left side. The tube was then slowly withdrawn until equal breath sounds returned bilaterally at which point the tip of the tube was at the carina. The tube was then withdrawn a further 2 cm before being secured at the mouth using adhesive silk tape with the head held at the midline in the neutral position. In the pressure group, mechanical ventilation was applied after intended endobronchial intubation. The ventilator (10940, Dameca, Cophenhagen, Denmark) was set in the volume control mode with a tidal volume of 15 ml.kg)1, and a respiration rate of 25 breath.min)1. The tube was then slowly withdrawn until a significant decrease in peak inspiratory pressure (PIP) of > 3 cmH2O, was observed. To locate the carina we used the sudden improvement of compliance when the tube emerged from the main stem bronchus. The tube was then withdrawn a further 2 cm before being secured. In the mark group, the tube length was set at the level of the vocal cords such that all tubes were placed with the 3-cm safety mark on the tube at the level of the cords. Both lung fields were auscultated to confirm that the tube was in the trachea and the tube was then secured. Chest radiography was performed with the child supine and the head held at the midline in the neutral position in the paediatric intensive care unit. This was a routine procedure for the postoperative evaluation of patients after open heart surgery in our institution. The distance from the tip of the tube to the carina (tip to carina distance) was measured in millimetres by one of the authors, who was blind to the intubation method, using the Picture Archiving and Communication System 890



(PACS), which captures a digital image on a computer screen; thus the actual length of subject could be measured without magnification. Data were analysed using the PC-SAS program (version 8.01, SAS Institute, Cary, NC, USA). Data are presented as mean (SD). Comparisons between two groups were made using the two-tailed unpaired t-test, and ANOVA was used to compare data from the three groups. Statistical significance was accepted when p was < 0.05. Results



The demographic characteristics of groups were similar (Tables 1 and 2). The tip to carina distance was 1.91 (0.81) cm in the auscultation group, and 1.93 (0.67) cm in the pressure group. These were not significantly different (p > 0.05) from the targeted distance of 2 cm from the carina. In the mark group, we intended to locate the tip of the tube 3 cm below the vocal cords. However, the accuracy of this method could not be verified because we were unable to measure the distance between the tip of the tube and the vocal cords, as it was impossible to define the position of the vocal cords on a chest radiograph. In addition, we failed to use this method in 20% of patients who were initially randomised to the mark group. The tip of the tube was located 2.90 (1.72) cm from the carina in the mark group, which was significantly different from the auscultation and pressure groups. However, when the data were compared in patients aged < 36 months, the tip to carina distance was 2.30 (0.98) cm for mark group, which was not significantly different from the auscultation and pressure groups. Table 1 Demographic data. Mean (range).



N Age; months Sex; female: male Body weight; kg Height; cm



Auscultation group



Pressure group



Mark group



29 17.8 (0.15–84) 13 : 16 9.5 (2.5–27) 77.25 (45–127)



30 14.2 (1–72) 13 : 17 9.0 (4.1–30) 74.3 (54–113)



26 20.1 (2–72) 10 : 16 10.1 (4.6–24) 77.0 (55–126)



Table 2 Number of patients in each age group. Age (months)



Auscultation Group



Pressure Group



Mark Group



0–6 6–12 12–36 > 36



12 5 9 3



16 3 8 3



9 5 8 4
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Patient age (months) Figure 1 Distance from tip of tube to carina for different age



groups.



intubation or irritation of the carina, and increase the likelihood of kinking. However, the insertion of an inadequate length of tube may result in accidental extubation or trauma to laryngeal structures as a result of pressure exerted by the tracheal tube cuff [4]. Many formulae and tables have been proposed to estimate the proper length but none is totally satisfactory in paediatric patients. These include: (i) a formula and tables based on the body size or age [5, 6], (ii) measured marks on the distal end of the tube [3], and (iii) the use of a special tube with a fiberoptic light at its tip to verify the position of the tip of the tube by transillumination [7]. Yates et al. [8] proposed a formula as a guideline for calculating the required length of a nasotracheal tube from the size of the tube: L ¼ ð3  SÞ þ 2
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Tip to carina (mm) Figure 2 Distribution of different ‘tip of tube to carina’ dis-



tances.



Figure 1 shows data of the tip to carina distance in each age group. No statistical difference was found with age in the auscultation and pressure groups. However, the tip to carina distance was similar in children below the age of 36 months in all three groups, but was significantly longer in children who were 36 months or older in the mark group. The tip of tube was positioned between 1 and 3 cm from the carina in 83% of the auscultation group patients and 88% of the pressure group patients. The minimum distance of tip to carina was 0.5 cm. The detailed data are shown in Fig. 2. There were no accidents such as unexpected extubation or endobronchial intubation during the operation in any of the three groups. Discussion



The length of the tracheal tube should be tailored to the needs of each patient. Insertion of an excessive length of tracheal tube may result in bronchial  2003 Blackwell Publishing Ltd



where L ¼ length (cm) and S ¼ internal diameter (mm). Clearly, the reliability of this formula depends on selection of the correct tube size. This formula only applies to nasotracheal intubation and the improper selection of tube size can cause the error to increase threefold. The shortcoming of a formula based on body weight or height is that it cannot be applied to children whose weight or height is below average. Therefore, it is advantageous to have more than one method of confirming the location of tube. Once the tube has been inserted and secured with tape, the distal tip can migrate caudally with neck flexion and cephalad with neck extension or rotation. Todres et al. [9] reported that displacement of the tip of the tube could range from 0.7 to 2.7 cm when the position of the head was changed from full flexion to full extension. Another fiberoptic study of 10 small children showed that the tip of the tube moved a mean distance of 0.9 cm toward the carina with flexion and 1.7 cm toward the vocal cords with extension of the neck [10]. Based on this information, it seems reasonable to place the tip of the tube 2 cm above the carina in children, and this is also our institutional policy. Bloch et al. [2] also suggested that the tip of the tube should be located 2.0 cm above the carina in neonates, infants, and young children. We compared two different methods to locate the carina, auscultation and observation of improved lung compliance. Although auscultation of the lung is straightforward and requires no equipment except a stethoscope, the endpoint is not always clear cut, especially in congenital heart patients with murmurs and children with lung pathology, which make the detection of changes in breathing sounds difficult. 891
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Auscultation is also subjective and the result can differ among individuals. The method used in the pressure group to locate the carina involved the detection of a significant decrease in PIP resulting from a sudden improvement of compliance when the tube emerged from the main stem bronchus. This can be useful for children with a heart murmur or lung pathology, i.e. diseases that make the detection of changes in breathing sounds difficult but do not affect lung compliance. Moreover, other personnel in the operating theatre can observe changes of PIP by using a pressure gauge, rendering it a more objective method. The step confirming carina position was repeated only once in most study subjects in either group. Although we sometimes encountered some difficulty in confirming carina position in neonates, we still managed to use the assigned method. Our study shows that both the auscultation and pressure methods can place the tip of the tube reliably at a predetermined depth in all age. The tip of the tube was placed < 1 cm from the carina in three cases in the auscultation group, and in four cases in the pressure group, which increased the likelihood of endobronchial intubation with changes in head and neck position. It has been shown that right main stem bronchus intubation increased the incidence of hyperventilation, pneumothorax and atelectasis [11–13]. However, the possibility that the tube could move toward the carina was reduced because the neck was slightly extended by use of a shoulder roll during open heart surgery. No tubes were placed more than 4 cm from the carina, suggesting that accidental extubation during operation is unlikely. There is some concern that damage to the main bronchus could occur due to endobronchial intubation. Bloch et al. [2] reported that they saw no clinical evidence that carefully controlled advancement of the tube tip into a mainstem bronchus was harmful. In the mark group, we tried to set the tip of the tube 3 cm below the vocal cords regardless of the tube size, but did not take the distance to the carina into account. Setting the tube length at the level of the cords reduces variability due to the length of the upper airway. As expected, the mean tip to carina distance was longer (6.1 cm) in children who were 36 months or older because the black safety line marked on the tube was constant regardless of tube size. In adults, the movement of the tube tip imposed by changing from the neutral to the fully extended neck position can be as much 5.2 cm towards the vocal cords. Therefore, it can be dangerous to place the tube with the 3 cm mark at the cords in older children. We recommend that the black safety line should be tailored to the tube size and used as a guide. 892



We failed to use the safety mark method in 20% of patients initially randomly allocated to the mark group. This was either because the cords could not be visualised in difficult airway cases or because the black safety line could not be identified when the tube passed the vocal cords, especially in infants whose oral cavity was relatively small and easily blocked by a laryngoscope. To solve the latter problem, we suggest that the tube should also be marked circumferentially with a black line, to enable it to be seen from all directions. No accidents, such as unexpected extubation or endobronchial intubation of the tube, were observed during the study period. This study shows that, when tracheal intubation has been confirmed using any of these three methods, the tube lies at a safe distance from the carina. Our results also indicate that placement of the tube using the safety mark alone in children who are 36 months or older could result in a higher incidence of accidental extubation. References 1 Pollard RJ, Lobato EB. Endotracheal tube location verified reliably by cuff palpation. Anaesthesia and Analgesia 1995; 81: 135–8. 2 Bloch EC, Ossey K, Ginsberg B. Tracheal intubation in children: a new method for assuring correct depth of tube placement. Anaesthesia and Analgesia 1988; 67: 590–2. 3 Freeman JA, Fredricks BJ, Best CJ. Evaluation of a new method for determining tracheal tube length in children. Anaesthesia 1995; 50: 1050–2. 4 Patel N, Mahajan RP, Ellis FR. Estimation of the correct length of tracheal tubes in adults. Anaesthesia 1993; 48: 74–5. 5 Matilla M, Heikel P, Suutarinen T, Lindfors EL. Estimation of a suitable nasotracheal tube length for infants and children. Acta Anaesthesiologica Scandinavica 1971; 78: 224–9. 6 Loew AN, Thibeault DW. A new and safe method to control the depth of endotracheal intubation in neonates. Paediatrics 1974; 54: 506–8. 7 Heller RM, Cotton RB. Early experience with illuminated endotracheal tubes in premature and term infants. Paediatrics 1985; 75: 664–6. 8 Yates AP, Harries AJ, Hatch DJ. Estimation of nasotracheal tube length in infants and children. British Journal of the Anaesthesia 1987; 59: 524–6. 9 Todres ID, deBros F, Kramer S et al. Endotracheal tube displacement in the newborn infant. Journal of Paediatrics 1976; 89: 126–7. 10 Kazuna S, Kkozo Y. Displacement of the endotracheal tube caused by change of head position in paediatric anaesthesia: evaluation by fiberoptic bronchoscopy. Anaesthesia and Analgesia 1996; 82: 251–3.
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Survey of abuse and violence by patients and relatives towards intensive care staff J. Lynch, R. Appelboam and P. J. McQuillan Department of Critical Care, Queen Alexandra Hospital, Cosham, Portsmouth, Hants, PO6 3LY, UK Summary



A postal survey of senior nurses in intensive care units in England and Wales was conducted. The aim was to ascertain the frequency of abusive and violent behaviour by patients and relatives towards intensive care staff, discover the perceived causes, effects and documentation of such behaviour and define the current and proposed security arrangements for intensive care units. Response rate was 94%. During the study period, verbal abuse of nurses by patients and by relatives occurred in 87% and 74% of intensive care units, respectively. The relevant figures for doctors were 65% and 59%, respectively. Nurses experienced physical abuse by patients and by relatives in at least 77% and 17% of intensive care units, respectively (doctors 38% and 8%). Illness was the main perceived cause of offences by patients whereas ‘distress’ (45%), alcohol (24%), sociopathic behaviour (27%) were the main putative causes amongst relatives. Whilst 43% of intensive care units have no security system at the door, staff awareness, training and communication skills may be the principle tools in reducing the frequency and consequences of violent and abusive behaviour. This survey probably underestimates the problem. Keywords
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Violent, aggressive and abusive behaviour is commonplace in Accident and Emergency Departments [1–4]. The causes are complex and may include disease processes, psychiatric illness, psychopathic behaviour, alcohol and drugs. Critical care areas are stressful for patients and relatives. Family conflict is frequently highlighted by poor health and may be amplified by critical illness. End of life issues, actual or perceived iatrogenic complications and limitations of health services may increase stress for patients and families [5]. The paucity of reports of violent or abusive behaviour in the critical care arena is therefore perhaps surprising. In
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one survey of critical care nursing staff in USA [6], 79% of respondents stated that they had been victims of violence at work and 91% believed that their colleagues had been affected. In a one-year period, 65% of this group had suffered 1–5 episodes of abuse, 10% had suffered 6–10 episodes and 25% reported more frequent occurrences with 5% suffering daily. A recent episode in which disgruntled family members assaulted two colleagues after a contentious discharge from the intensive care unit (ICU) [7] led us to wonder about the frequency of this problem in ICUs in the UK. We undertook a survey of ICUs to estimate the frequency 893
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We undertook a postal survey of senior nurses in ICUs in England and Wales. We devised a simple, two page, ‘tick box’ postal questionnaire (Appendix 1), which we sent to the named senior nurses of 188 general ICUs. The ICUs were identified from the Directory of Emergency and Special Care Units, 2000 (CMA Medical Data, Cambridge, UK). The ICUs were phoned to confirm the name of the senior nurse and the questionnaire was addressed personally to this senior nurse. We reasoned that personalizing the questionnaire would encourage compliance and hence maximise the response rate. A stamped addressed envelope was included for return of the questionnaire. Approximately four weeks later, non-responders were phoned to encourage participation and this was repeated twice more if necessary. Further copies of the questionnaire were sent if required. We chose to survey senior nurses because we thought nurses were particularly at risk from abusive and violent behaviour and we considered senior nurses would be more reliable in cooperating with this survey. In the questionnaire, we asked for information on (1) verbal abuse by patients (2) physical abuse by patients (3) verbal abuse by relatives (4) physical abuse by relatives. We asked specifically about abuse and violence in each of these categories towards particular staff groups (i.e. nurses, doctors and other staff in the ICU). The questionnaire asked the senior nurse to speculate (with the help of colleagues) about the reasons behind this behaviour and to ascribe proportions to each of the perceived causes. Further questions included the presence or absence of an incident book (or equivalent such as critical incident forms), the type of incident which would usually be recorded, estimates of the proportion of incidents which would be recorded as well as the numbers of incidents actually recorded. We asked for estimates of the number of times security staff and police were called to the ICU urgently. All questions referred to the 12 months preceding the survey. We also sought information on the type of injuries sustained, both physical and psychological and the consequences of these injuries, including time off work. Finally, information was sought on the nature of any security system employed in the ICU and whether there were plans to upgrade or change security arrangements. 894



There were 120 initial replies (63.8%) with a further 56 (total 176) after telephone reminders, giving an overall response rate of 93.6%. Although the questionnaire alluded to episodes of abuse and violent behaviour towards nurses, doctors and other staff, most respondents ignored the last group. Hence there are no useful data on this staff group, suggesting that physiotherapists, pharmacists and other professionals allied to medicine may not be subjected to such frequent abusive behaviour. The frequency of verbal and physical abuse and violence towards staff are illustrated in Figs 1 and 2. Verbal abuse of staff by patients 45 40 35 30 ICUs (%)
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Episodes of abuse.year–1 Figure 1 Bar chart illustrating the frequency distribution of



episodes of verbal and physical abuse of staff by patients (n ¼ 176 intensive care units). Verbal abuse of nurses; downward diagonal bars, physical abuse of nurses; dotted bar, verbal abuse of doctors; hatched bar, physical abuse of doctors; solid bar, NR (not recorded). 80 70 60 ICUs (%)



of abusive and violent behaviour by patients and relatives towards ICU staff, discover the perceived causes and effects of such behaviour, survey the documentation of these episodes and define the security arrangements for ICUs and future security plans.
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Episodes of abuse.year–1 Figure 2 Bar chart illustrating the frequency distribution of



episodes of verbal and physical abuse of staff by relatives (n ¼ 176 intensive care units). Verbal abuse of nurses; downward diagonal bars, physical abuse of nurses; dotted bar, verbal abuse of doctors; hatched bar, physical abuse of doctors; solid bar, NR (not recorded).
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Table 1 Senior nurse perceptions of



causes of abuse by patients (complete data from 147 ICUs, results expressed as percentage).



Possible cause of abuse



Illness



Alcohol



Illegal drugs



Psychiatric illness



Sociopathic personality



Mean (Standard Deviation) Median (range)



80 (26) 90 (0–100)



9 (16) 0 (0–90)



4 (11) 0 (0–70)



4 (9) 0 (0–50)



3 (8) 0 (0–50)



Possible cause of abuse



‘Distress’



Alcohol



Illegal drugs



Psychiatric illness



Sociopathic personality



Mean (Standard Deviation) Median (range)



45 (44) 50 (0–100)



24 (33) 5 (0–100)



2 (7) 0 (0–50)



2 (9) 0 (0–80)



27 (3) 0 (0–100)



Table 2 Senior nurse perceptions of



causes of abuse by relatives (complete data from 96 ICUs, results expressed as percentage).



occurred in the majority of ICUs. Eighty-seven percent of units reported verbal abuse of nurses, 7% of ICUs denied any verbal abuse and 6% of respondents did not answer the question. Sixty-five per cent of ICUs reported verbal abuse of doctors while 15% denied abuse and 20% did not reply. Physical abuse and violence by patients towards nurses occurred in at least 77% of units, with 18% denying such behaviour. For doctors the relevant figures were 38% and 38%, respectively. Verbal abuse of nurses by relatives occurred in 74% of ICUs with 19% of units denying any verbal abuse. Doctors were verbally abused by relatives in 59% of units with 25% of respondents denying verbal abuse. Physical abuse by relatives was much less common, with 78% and 79% of units denying any abuse of nurses and doctors, respectively. Physical abuse was reported towards nurses in 17% of ICUs and towards doctors in 8% of units. The causes of verbal and violent behaviour, as perceived by senior nursing staff, are illustrated in Tables 1 and 2. Accumulating the views from all responding units, 80% of violent and abusive behaviour by patients was ascribed to the patients’ illness, with lesser proportions to alcohol, drugs, psychiatric illness and sociopathic behaviour. However, this hides huge variations in opinion, some respondents ascribing 100% of episodes to patient illness and others 0%. Similarly, for violence and abusive behaviour by relatives, the mean value attributed to the ‘distress’ of the situation was 45% with a range from 0 to 100%. One hundred and fifty-six (87%) units had an incident book or equivalent (incident report ⁄ form), 13 (7%) units claimed not to have an incident book or equivalent and 7 (4%) units did not answer this question. The nature of events normally recorded in an incident book and the actual numbers of events recorded are illustrated in Tables 3 and 4. Calls for security and police to attend the ICU urgently are recorded in Table 5. One hundred and seventy ICUs responded with data on security systems. Ninety-seven (57%) ICUs had some  2003 Blackwell Publishing Ltd



Table 3 Nature of abuse normally recorded in incident books or



equivalent. Number of ICUs (% of all responding ICUs).



Type of incident



Number of ICUs responding (%)



All physical and verbal All physical Physical resulting in significant injury None Not Recorded



53 47 25 22 29



(30) (27) (14) (13) (16)



Table 4 Number of units (%) which recorded incidents in



incident book or equivalent in the 12 months preceding the survey. No. incidents



0






4–6



7–10



> 10



NR



ICUs; n (%)



37 (21)



52 (30)



23 (13)



11 (6)



12 (7)



41 (23)



form of security system in place, of which 25 (15%) ICUs had plans for further security developments and the remaining 72 (42%) ICUs had no future security development plans. Of the 73 (43%) ICUs without security, 32 (19%) were planning to introduce some security and 41 (24%) ICUs had no security development plans. The distribution of types of security system currently in place and proposed, are illustrated in Table 6. Of the physical injuries suffered by staff the most common was bruising (81 recorded cases). Other common injuries included scratches (19), sprains (12), minor lacerations (10), scalds (1) and backache (3). More serious injuries included four bites, two fractured noses, a fractured scaphoid, and a black eye. Two individuals were rendered unconscious by blows to the head and four pregnant staff were kicked in the abdomen. In the year preceding our 12 month study window, three members of staff had been stabbed in separate incidents, one fatally. 895
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Table 5 Number of calls for security and the police to attend ICU urgently in the 12 months of the survey. Calls



0



1



2



3



4



5



6–10



> 10



No security



Not recorded



Calls for security n (%) Calls for police n (%)



73 (41.5) 130 (73.8)



31 (17.6) 22 (12.5)



21 (12) 12 (6.8)



14 (8) 1 (0.6)



6 (3.4) 1 (0.6)



0 1 (0.6)



8 (4.5) 0



5 (2.8) 0



8 (4.5) 0



10 (5.7) 9 (5.1)



Current Security Systems; n (%) Future Security Arrangements; n (%)



None



Card access



CCTV



Key pad



Intercom



Don’t know



73 (43)



19 (11.1)



36 (21.2)



49 (28.8)



26 (15.3)



0



41 (24.1)



30 (17.6)



63 (37.1)



58 (34.1)



18 (10.6)



5 (2.9)



Sixteen staff members with greater physical injuries were off work, varying from one day to four weeks. Common psychological sequelae included ‘stress’ and ‘shock’ (30 recorded cases). Two members of staff suffered a depressive illness as a direct result of the abuse with each requiring a year off work to recover. Another individual was also off work for one year after being harassed and stalked by a patient’s family. Four staff members required counselling and two resigned as a direct result of the violence they had experienced at work. One other individual was off work for 10 weeks, though the reason was not recorded on the questionnaire. Discussion



Violence and aggression are difficult to define. The Department of Health in its NHS zero tolerance campaign defines violence in the workplace as ‘any incident where staff are abused, threatened or assaulted in circumstances relating to their work, involving an explicit or implicit challenge to their safety, well-being or health’ [8]. Violence is acknowledged as a significant occupational hazard in Psychiatry and in the Accident and Emergency Departments. There are few data on violence in other hospital areas [9–11]. The frequency, nature and consequences of aggressive behaviour demonstrate that violence in ICU is a real issue with many respondents convinced that it is increasing. This perceived increase is reflected in the Department of Health national survey data [8] of all hospital areas, which documented 84 273 violent and abusive episodes in 2000 ⁄ 1, up from 65 000 in 1998 ⁄ 9. The apparent increase is partly explained by historical under-reporting and variations in definition. The Department of Health issued guidelines on with896



Table 6 Number (%) of individual



security systems currently in place and which will be in place following completion of proposed security development plans. Full data available from 170 responding ICUs. Some units have more than one type of system and thus the sum of percentages exceeds 100.



holding NHS treatment from violent and abusive patients in an attempt to balance the rights and need for treatment with the protection of staff. Prosecution of offenders has been actively pursued by trusts, even where the crown prosecution service has decided not to proceed. A number of convictions and prison sentences have been reported in the press. New, tougher sentencing guidelines were introduced in 2000 and extra money was made available for initiatives such as personal alarms for staff, close circuit television upgrading, training and other security measures. Our survey found that abusive and violent behaviour towards ICU staff is a frequent but not everyday phenomenon – in England and Wales. Verbal abuse by patients and relatives was particularly frequent towards nurses while doctors were abused less frequently and in a smaller proportion of units. Similarly, nurses were physically abused in twice as many units as doctors by both patients and relatives. Other surveys have found nurses to be at higher risk of violence and abuse than other healthcare workers. The Health Services Advisory Committee found ‘that nursing was the most dangerous profession in the UK, with 34% of nurses admitting being attacked whilst on duty’ [10]. The high proportion of female nurses was also highlighted as a risk factor and the constant presence at the bedside places the nurse in the front line. There is a marked disparity between the numbers of episodes declared by the respondents and the number actually recorded. Eighty-nine percent of ICUs possess an incident book or incident form, and abuse occurred in 87% of ICUs, yet only 56% of ICUs actually recorded incidents of violence or aggression. Fourteen percent of ICUs admit they would only record episodes that resulted in ‘significant injury’ while only 30% declared  2003 Blackwell Publishing Ltd
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they would record all episodes of physical and verbal abuse. There seems to be a general reluctance to document all incidents. When asked to rationalise a patient’s aggression, 72% was attributed to illness and its treatment. Forty-seven per cent of aggression from relatives was attributed by nurses to emotional distress and possibly accepted as ‘part of the job’. The definition of violence or abuse is not widely understood and this may contribute to under-reporting. There were comments from respondents on a perception among staff that even if an incident was reported, no action would (or possibly could) be taken and therefore they felt the exercise was futile. On the whole security teams were called urgently to the ICU fairly infrequently and police even less so. Some calls to police may be due to some hospitals not having any security staff, thus necessitating a 999 call for violent episodes. At the other end of the scale there is an increasing number of inner city hospitals having police on site and thus ‘security’ may be bypassed. One London hospital reported ‘armed police’ on the doors of ICU most weekends because of a particular stabbing or shooting. The level of security at the door of ICUs is very variable with 43% of units having none and 24% having no plans to provide any in the future. Two hospitals have had repeated requests for door security turned down. The card entry system in one hospital has been broken for over 12 months and in another, its intercom broken for two months. In one ICU, the main doors are the principal fire exit for three other wards, precluding any functional security system. Hospitals generally have one or a combination of card access, keypad, intercom ⁄ buzzer and close circuit television, with the latter playing a much larger role in future planned security systems. Two units were actively considering installing secret cameras in their relatives’ room. Other security measures suggested by respondents included nametags using first names only, coded access for staff and close circuit television [2]. Others suggested staff should maintain an awareness of clear avenues of escape from situations, locating individual panic buttons and finally an increased number of security staff with enhanced powers [4]. However, even state of the art technology may not be a complete guarantee. Several ICUs keep their doors open during the day and only use the security system at night. There were many comments about relatives wedging doors open or watching staff entering the keypad codes. A high staff turnover prevents codes from remaining confidential so necessitating frequent changes. Furthermore, there is normally a button to allow staff and visitors to leave through secure doors  2003 Blackwell Publishing Ltd



but this potentially allows admittance of unknown individuals. Unfortunately, security systems for hospitals, allowing the necessary clinical activity and access are imperfect and are unlikely to prevent the determined intruder. Most violent, aggressive and abusive behaviour occurs from relatives already known to the ICU staff. Some trusts have introduced training and courses for prevention and management of violence and aggression. These courses include recognition of the verbal and non-verbal signs of aggression, risk assessment and management, de-escalation tactics and postincident support [12]. Knowledge and training allows early recognition of a problem thus enabling individual management and avoidance plans to be implemented. Training should also include how to approach and accurately document difficult interviews [2]. Notes of aggressive patients or families are sometimes flagged so that precautions can be in place early following subsequent admissions. Other hospitals used a ‘zero tolerance policy’ with green, yellow and finally red warning cards, that allows aggressive behaviour to be penalised by transfer to another hospital. Anger, aggression and violence may sometimes occur because of communication difficulties. Intensive care staff members are generally thought to have good communication skills and have the time required to use them. This may possibly explain the relatively low levels of abusive behaviour in intensive care. Regular meetings with families to keep them up to date with problems, treatments, (possible) complications, time frames and outcome is good clinical practice, common sense and humane. Such communication is likely to improve understanding, make families aware of limitations of the health service and medical science and diffuse latent or growing anger and aggression. Audits and satisfaction surveys may help to maintain standards of communication and family contentment. Satisfactory communication requires suitable facilities including adequately spacious and well-lit waiting rooms with a separate interview room, with comfortable seating. Other family friendly facilities including adjacent toilets, availability of a telephone, refreshments, television and access to a ‘quiet room’ may be helpful in reducing stress levels (unpublished observations). There are many limitations to the validity of our postal survey. This methodology is likely to underestimate the number of episodes and the number of ICUs experiencing such behaviour because not all episodes were documented in incident books and not all staff members were asked for information. Similarly, the perceptions of nursing staff concerning the possible causes of aggressive behaviour are only opinions. It is 897
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not clear if the huge variation in opinions is real or whether the causes vary geographically, with socioeconomic or other factors. A prospective study would clearly produce more reliable data on some of these issues.



1 Jenkins MG, Rocke LG, McNicholl BP, Hughes DM. Violence and verbal abuse against staff in accident and emergency departments; a survey of consultants in the UK and Republic of Ireland. Journal of Accident and Emergency Medicine 1998; 15: 262–5. 2 Saines JC. Violence and aggression in A & E. recommendations for action. Accident and Emergency Nursing 1999; 7: 8–12. 3 Bache J, Chambers D, Guildford P. Violence in the Accident and Emergency Department: liaison with the police. Journal of Accident and Emergency Medicine 1999; 16: 159. 4 Kuhn W. Violence in the Emergency Department. Managing aggressive patients in a high stress environment. Postgraduate Medicine 1999; 105 (143–8): 154. 5 Alspach G. Trauma inflicted on critical care nurses. Critical Care Nurse 1994; 14: 13–5. 6 Drury T. Recognising the potential for violence in the ICU. Dimensions of Critical Care Nursing 1997; 16: 314–23. 7 Sick boy’s relatives ‘attacked doctors’. The Times. London; 2000 June 8: P5. 8 Department of Health. 1999. Zero tolerance zone: we don’t have to take this. Resource pack. www.nhs.uk/ zerotolerance/intro.htm. 9 Sommargren CE. Violence as an occupational hazard in the acute care setting. AACN Clinical Issues in Critical Care Nursing 1994; 5: 516–22. 10 Health Services Advisory Committee (HSAC). Violence and Aggression to Staff in Health Services. Norwich: Her Majesty’s Stationery Office. HSE Books 1997. 11 Anonymous. Violence in the workplace. British Medical Journal 2001; 323: 1362–4. 12 Essex C. NHS staff must be trained in how to prevent aggression. British Medical Journal 2001; 323: 168.



Appendix 1 Postal Questionnaire



SURVEY OF ABUSE AND VIOLENCE TOWARDS INTENSIVE CARE STAFF (1) How many times in the last year has there been VERBAL abuse of staff by PATIENTS? (Tick box)



Nurses Doctors Others



898






Nil






4–6



7–10



> 10



Nurses Doctors Others



References



Nil



(2) How many times in the last year has there been PHYSICAL abuse of staff by PATIENTS? (Tick box)



4–6



7–10



> 10



(3) What proportion of these episodes are explained by; (i) Confusion ⁄ ICU drugs ⁄ illness % (ii) Alcohol % (iii) ‘Recreational drugs’ % (iv) Psychiatric illness % (v) Primary sociopathic behaviour? % (4) How many times in the last year has there been VERBAL abuse of staff by RELATIVES? (Tick box) Nil






4–6



7–10



> 10



Nurses Doctors Others



(5) How many times in the last year has there been PHYSICAL abuse of staff by RELATIVES? (Tick box) Nil






4–6



7–10



> 10



Nurses Doctors Others



(6) What proportion of these episodes are explained by; (i) ‘‘Distress’’ % (ii) Alcohol % (iii) ‘Recreational drugs’ % (iv) Psychiatric illness % (v) Primary sociopathic behaviour % (7) What proportion of incidents are ever reported to a ‘risk manager’ or recorded in an incident book? (8) Do you have an incident book?



YES



NO



(9) If yes, how many episodes of violence are recorded in your incident book for the last year? (10) How many of these episodes resulted in; (i) Physical injuries What were the injuries? (ii) Psychological injuries What were the injuries? (iii) Time off work (in man hours)
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(12) In the last year, how many times have the police been called to the unit for incidents occurring on the ICU?



(14) What are the plans for a security system to operate at the door of the ICU? (i) None (iv) Key pad access (ii) Card access (v) Other (specify) (iii) Closed circuit TV



(13) What sort of security system is in operation at the door of the ICU? (i) None (iv) Key pad access (ii) Card access (v) Other (specify) (iii) Closed circuit TV



(15) Any other comments? N.B. Please tick box if you will be unable to participate in this survey at any time. Please tick box if you would like information regarding the results of this survey.



(11) In the last year, how many times have you called the security team to the unit in earnest?
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The effects of concurrent atorvastatin therapy on the pharmacokinetics of intravenous midazolam C. G. Mc Donnell,1 S. Harte,1 J. O’Driscoll,1 C. O’Loughlin,1 F. D. Van Pelt2 and G. D. Shorten3 1 Departments of Anaesthesia and Intensive Care Medicine, Cork University Hospital, Ireland 2 Department of Pharmacology & Therapeutics, University College Cork, Ireland 3 Departments of Anaesthesia and Intensive Care Medicine, Cork University Hospital, Ireland Summary



Midazolam is a commonly used anaesthetic agent and is metabolised by the 3A4 isoform of the cytochrome P450 enzyme system. Atorvastatin is also metabolised by cytochrome P450 3A4 and, in vitro, atorvastatin inhibits the cytochrome P450 3A4-mediated metabolism of mexazolam. We hypothesised that concurrent administration of atorvastatin and midazolam would result in altered midazolam pharmacokinetics. Fourteen patients scheduled to undergo general anaesthesia for elective surgery were recruited in a matched pair design to receive intravenous midazolam (0.15 mg.kg)1). Of these patients, seven were taking long-term atorvastatin. Atorvastatin patients demonstrated a greater area under the curve (889.4 (standard deviation 388.6) ng-h.ml)1) vs. control patients (629.1 (standard deviation 197.2) ng-h.ml)1) (p < 0.05). Patients taking atorvastatin also demonstrated a decreased clearance (0.18 (standard deviation 0.08) l-kg. h)1) vs. control patients (0.27 (standard deviation 0.08) l-kg.h)1) (p < 0.05). This study suggests that chronically administered atorvastatin decreases the clearance of intravenously administered midazolam. Keywords



Cytochrome P450. Drug interactions; midazolam, atorvastatin.
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Treatment of hypercholesterolaemia with 3-hydroxy3-methylglutaryl coenzyme A reductase inhibitors (statins) improves survival and decreases the incidence of complications in patients with coronary artery disease [1].  2003 Blackwell Publishing Ltd



Statins may also decrease the incidence of morbidity in patients with hypercholesterolaemia but without coronary artery disease [2,3]. These benefits have led to increased prescription of statins [4]. Therefore, in the 899
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future, a greater proportion of patients presenting for surgery will be receiving statin therapy. With the exception of pravastatin, statins are metabolised by the cytochrome P450 system [5]. This family of enzymes is present in greatest concentrations in the liver and small intestine. The cytochrome system is classified on the basis of selectivity for its substrates. More than 70 cytochrome P450 families have been identified to date and the cytochrome P450 3A4 isoform is responsible for the metabolism of a large number of drugs [6]. Fluvastatin is metabolised by the cytochrome P450 2C9 isoform and cerivastatin has a dual metabolic pathway (cytochrome P450 2C8 and cytochrome P450 3A4) [7,8]. Atorvastatin, lovastatin and simvastatin are metabolised solely by cytochrome P450 3A4 [9,10]. Statins inhibit the cytochrome P450 3A4-mediated metabolism of mexazolam in pooled human liver microsomes in vitro [11]. Several intravenous agents commonly used in anaesthetic practice are also metabolised by cytochrome P450 3A4 [12,13]. Midazolam is a benzodiazepine used clinically for conscious sedation and as an anaesthetic adjunct. It is metabolised by oxidative biotransformation catalysed by cytochrome P450 3A4 [14]. Cytochrome P450 3A4 inhibitors alter the metabolism and pharmacokinetics of midazolam in vivo and in vitro. In the presence of ketoconazole, the area under the curve for intravenous midazolam was significantly increased (70.2 vs. 354 ng-h.ml)1) and clearance was significantly decreased (7.6 vs. 1.6 ml-kg.min)1) [15]. Statins may therefore inhibit the metabolism of intravenous anaesthetic agents that are cytochrome P450 3A4 substrates with consequent increased risk of prolonged or augmented sedation and respiratory depression. We hypothesised that potentially important drug interactions between midazolam and atorvastatin could result in altered pharmacokinetics of midazolam when these agents are concurrently administered. In order to test this hypothesis, we administered midazolam to patients concurrently receiving, or not receiving atorvastatin while undergoing elective surgery under general anaesthesia. Methods



This study was approved by the local Clinical Research Ethics Committee. Written informed consent was obtained from each patient on the pre-operative night. Fourteen ASA I to III patients scheduled to undergo elective surgery requiring general anaesthesia were studied. Seven patients had taken atorvastatin for at least the four previous months while the other seven patients had not. Patients were matched for age, gender and body mass 900



index (BMI). Matching comprised selecting pairs such that the values for age and BMI in each pair were within 10% of each other. Investigators were blinded by separating recruitment personnel from investigative personnel. Exclusion criteria were history of concurrent liver disease, necessity for rapid sequence induction of anaesthesia, history of excessive alcohol intake (> 10 units per week), opioid or benzodiazepine abuse, concurrent medication with any agent known to influence cytochrome P450 3A4 activity, known sensitivity to agents in the study protocol and obesity (BMI > 30 kg.m)2). Other exclusion criteria were intake of caffeine in the 48 h prior to surgery or intake of macrolide antibiotics or grapefruit juice in the preceding week. The following information was sought from patients taking atorvastatin: daily dosage, duration and time of administration, history of adverse effects (gastro-intestinal or muscular). No patient was premedicated. Patients in the statin group received their atorvastatin on the morning of surgery, approximately one hour prior to induction of anaesthesia. Standard monitoring was applied using the Datex AS3 monitoring system (Datex Ohmeda Division, Instrumentarium Corporation, Teollisuuskatu 29, Helsinki, Finland). Two peripheral intravenous cannulae were sited (one of these solely for the withdrawal of venous samples). For induction of anaesthesia, each patient received a bolus of midazolam (0.15 mg.kg)1), intravenously, administered over one minute. This bolus was calculated for the patient’s lean-body weight using the Peck Formula (Appendix 1). Sodium thiopental (2–3 mg.kg)1) was then administered intravenously according to clinical assessment of depth of anaesthesia. If tracheal intubation was required, vecuronium (0.1 mg.kg)1) was also administered intravenously. After tracheal intubation or laryngeal mask airway placement, anaesthesia was maintained with sevoflurane (ET 0.8–2.0%), in nitrous oxide and oxygen (70% and 30%). Temperature readings were taken at the beginning and end of surgery using a nasopharyngeal thermistor probe (Mon-a-therm, Mallinckrodt, Juarez, Chihuahua, Mexico, CP 32638) inserted immediately after instrumentation of the airway. Supplemental analgesia comprised morphine (0.1–0.2 mg.kg)1), tenoxicam (20 mg), paracetamol (20–30 mg.kg)1) and local or regional anaesthesia as clinically indicated. Metoclopramide (10 mg) was administered 20 min prior to the end of surgery. In the postoperative recovery area, intramuscular morphine sulphate (0.05–0.1 mg.kg)1) was administered as required. All patients were actively warmed with a forced air warming blanket (Bair Hugger warming unit, model 505, Mallinckrodt, Juarez, Chihuahua, Mexico, CP 32638).  2003 Blackwell Publishing Ltd
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Venous blood samples were withdrawn to measure plasma concentrations of midazolam. The timing of samples was immediately prior to midazolam administration and 5, 15, 30 and 45 min and 1, 2, 4 and 8 h thereafter. Venous blood was also withdrawn prior to induction of anaesthesia for estimation of pre-operative plasma concentrations of urea, creatinine, creatine phosphokinase, albumin, total protein and for liver function tests. Plasma was centrifuged and stored at )80 C for subsequent analysis. Each patient was observed in the postoperative recovery area for a period of at least two hours. Plasma midazolam concentrations were estimated using a gas chromatographic–electron capture detection assay. Analysis was performed by Tepnel Scientific Services, West of Scotland Science Park, Glasgow, Scotland using the HP 58 ⁄ 6890 series II gas chromatograph together with a HP 7673 auto-injector using split ⁄ split-less injection mode and electron capture detection (Hewlett Packard Corporation, 1501 Page Mill Road, Palo Alto, California 94303–1126, USA). The sensitivity for this assay was 1.8 ng.ml)1. Calibration curves were linear with an intercept near the origin. Intrabatch imprecision ranged from 


Table 1 Patient Characteristics. Values are mean (standard



deviation).



Age; year Weight; kg Sex; m ⁄ f Duration of fasting; h Duration of surgery; min Midazolam administered; mg



Control (n = 7)



Atorvastatin (n = 7)



61.3 (8.2) 78.6 (9.0) 5⁄2 10.6 (2.1) 72.9 (33.1) 9.5 (1.1)



61 (5.6) 77.5 (9.0) 5⁄2 12.0 (2.8) 90 (27.1) 9.8 (1.0)



Results



The two groups were similar in terms of age, weight, duration of fasting and duration of surgery (Table 1). In the control group, four patients underwent gynaecological surgical procedures, two orthopaedic surgical procedures and one hysterectomy. In the atorvastatin group, four patients underwent general surgical procedures, two underwent orthopaedic surgical procedures and one underwent elective sternal wound exploration after cardiac surgery three months earlier. In the atorvastatin group, five patients were taking the 10 mg formulation, one the 20 mg formulation and one the 40 mg formulation. The duration of atorvastatin administration prior to surgery was 3.4 year (range 1.5– 4 year). All patients self-administered atorvastatin at approximately the same time of day (20.00–22.00 h). No patients had experienced pre-operative gastro-intestinal or muscular adverse effects (i.e. gastrointestinal upset, hepatitis, muscle aches or myopathy). The mean (and standard deviation [SD]) intra-operative crystalloid administration was 1.7 L (SD 0.7) and 2.0 L (SD 0.8) in the control and atorvastatin groups, respectively. No patient received intra or postoperative transfusion of blood products. The mean naso-pharyngeal temperature (standard deviation) was similar in control and atorvastatin groups at the start (36.0 (SD 0.5) vs. 35.8 (SD 0.8)C, respectively) and at the end of surgery (35.9 (SD 0.8) vs. 35.8 (SD 0.7)C, respectively). Pre-operative creatine phosphokinase concentration was greater in the atorvastatin group than in the control group (53.3 (SD 16.1) u.l)1 vs. 150.3 (SD 92.4) u.l)1) (Table 2). One patient in the atorvastatin group had a pre-operative alkaline phosphatase level of 1136 u.l)1 (the upper limit of normal being 130 u.l)1). However, in terms of pre-operative alkaline phosphatase and other biochemical parameters measured, there were no significant differences between both groups. One patient experienced hypotension (a decrease in mean blood pressure greater than 20% from baseline) on 901
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Table 2 Pre-operative biochemical parameters. Values are means



Table 3 Midazolam pharmacokinetic parameters. Values are



(standard deviations). * p < 0.05.



means (standard deviations). * ¼ p < 0.05.



Urea; mmol.l)1 Creatinine; lmol.l)1 Creatine phosphokinase; u.l)1 Albumin; g.l)1 Total protein; g.l)1 Alkaline phosphatase; u.l)1 Alanine aminotransferase; u.l)1 Aspartate aminotransferase; u.l)1



Control (n = 7)



Atorvastatin (n = 7)



5.5 (1.4) 94.7 (13.4) 53.3 (16.1) 38.1 (2.8) 70.6 (4.1) 84.1 (7.1) 23.7 (8.6) 22 (4.7)



7.2 (2.9) 98.1 (15.3) 150.3 (92.4)* 40.6 (8.5) 75.6 (10.2) 276.6 (390.7) 49.7 (38.1) 48 (36)



Control (n = 7)



Elimination half-life; h 4.1 (1.4) 5.4 (2.4) 0.27 (0.08) 0.18 (0.08)* Clearance; l-kg. h)1 1.0 (0.1) 1.1 (0.4) Volume of distribution; l.kg)1 Area under curve; ng-h.ml)1 629.1 (197.2) 889.4 (388.6)*



Discussion



In this study, concurrent atorvastatin administration decreased the total plasma clearance of midazolam by 33% (0.27 vs. 0.18 l-kg.h)1) and increased the area under



–1



Plasma concentration of midazolam (ng.ml )



p-value 0.07 0.01* 0.35 0.03*



the curve by 40% (629 vs. 889 ng-h.ml)1). The reduction in total clearance is of a magnitude similar to that reported with fluconazole, an antimycotic [19]. The volume of distribution was unaffected, resulting in a trend towards prolongation of the terminal elimination half-life (p ¼ 0.07). All patients recruited in this study were of a similar age (55–70 years). Our control values for clearance, terminal elimination half-life and volume of distribution obtained were similar to those described in previous studies of elderly patients [20,21]. The midazolam dose of 0.15 mg.kg)1 was chosen on the basis that it lies within the common range for clinical dosing and that clearance pharmacokinetics for midazolam remain linear up to and including doses of 0.3 mg.kg)1 [22]. Administration of midazolam 0.05 mg.kg)1 to patients aged 21–25 year results in maximum plasma concentrations of 100 ng.ml)1, measured two to five minutes after administration. In the present study, administration of midazolam (0.15 mg.kg)1) to patients aged 60–74 years resulted in mean maximum plasma concentrations five minutes after administration of 312 ng.ml)1 and 357 ng.ml)1 in the control and statin groups, respectively.



induction of anaesthesia requiring treatment with ephedrine (two 6 mg boluses) and colloid infusion (500 mls Haemacel). In this patient, the mean arterial pressure returned to within 20% of baseline within five minutes and no further episodes of hypotension were recorded. The terminal elimination half-life of midazolam in the control group and atorvastatin groups was 4.1 and 5.4 h, respectively. The values for area under the curve, clearance and volume of distribution in the control group were 629.1 ng-h ml)1, 0.27 l-kg.h)1 and 1.0 l kg)1, respectively, vs. 889.4 ng-h ml)1 (p ¼ 0.03), 0.18 l-kg.h)1 (p ¼ 0.01) and 1.1 l.kg)1, respectively, in the atorvastatin group (Table 3). Figure 1 demonstrates the midazolam plasma concentrations plotted against time for the atorvastatin and control groups.
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Figure 1 Plasma midazolam concentrations vs. time. Closed circles represent the atorvastatin group and closed squares represent the control group. Error bars represent 95% confidence intervals.
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In the present study, there is a trend towards an increase in the elimination half-life of midazolam in the statin group. A mean sleep time of 80 min has previously been reported with intravenous administration of midazolam 5 mg to six patients aged 21–22 years [21]. The end of this ‘sleep time’ corresponded to mean plasma midazolam concentrations of 30–40 ng.ml)1. In the present study, all patients in the statin group demonstrated plasma midazolam concentrations > 40 ng.ml)1 four hours after the bolus dose, compared to three patients in the control group. The trend towards an increased elimination halflife and persistently increased plasma midazolam concentrations indicate the potential prolonged sedation in patients receiving atorvastatin following administration of intravenous midazolam. Concurrent administration of atorvastatin with potent cytochrome P450 3A4 inhibitors significantly increases plasma atorvastatin concentrations. An increased risk of rhabdomyolysis has been reported after concomitant use of atorvastatin with itraconazole, which is a potent cytochrome P450 3A4 inhibitor [23]. The mechanism for rhabdomyolysis is unknown, but is thought to be related to high local statin concentrations and inhibition of 3-hydroxy-3-methylglutaryl Co-A reductase. Previous studies have demonstrated an overall 1% incidence of rhabdomyolysis (defined as creatine phosphokinase > 10 times the upper limit of normal and muscle symptoms) with statin administration [22]. There was a significant increase in the pre-operative creatine phosphokinase values for the statin group (150.3 u.l)1 vs. 53.3 u.l)1) in our study. Although these levels are much less than 10 times the upper limit of normal, they demonstrate the potential for myotoxicity with statin therapy. Atorvastatin levels were not measured in our patients as the primary study objective was to examine the pharmacokinetics of midazolam. Greater numbers would have been required to demonstrate a clinically significant change in atorvastatin levels. The heterogeneity of atorvastatin dosage in the study group represents a potential weakness of this study. However, these doses represent the common dosage range encountered in clinical practice. We did not standardise the atorvastatin dose as we were examining for evidence of any interaction. p-glycoprotein is a multidrug transporter protein that controls phospholipid secretion into bile in the bile canalicular membrane [23]. p-glycoprotein provides a potential site for drug interaction with statins because many cytochrome P450 substrates and inhibitors interact with p-glycoprotein. However, as midazolam is not a p-glycoprotein substrate it may be more reasonable to assume that the interaction demonstrated in this study is as a result of cytochrome P450 3A4 inhibition.  2003 Blackwell Publishing Ltd



The most important finding in this study is that chronically administered atorvastatin decreases the clearance of intravenously administered midazolam. This study indicates that in patients receiving chronic atorvastatin, it is prudent to consider the potential for respiratory depression and prolonged sedation if midazolam is used in high dose as the main or sole hypnotic agent. References 1 Stein EA. Managing dyslipidemia in the high-risk patient. American Journal of Cardiology 2002; 89: 50C–57C. 2 Lousberg TR, Denham AM, Rasmussen JR. A comparison of clinical outcome studies among cholesterol-lowering agents. Annals of Pharmacotherapy 2001; 35: 1599–607. 3 Aronow WS. Cholesterol 2001. Rationale for lipidlowering in older patients with or without CAD. Geriatrics 2001; 56 (22–5): 28–30. 4 Feely J, McGettigan P, Kelly A. Growth in use of statins after trials is not targeted to most appropriate patients. Clinical Pharmacology and Therapeutics 2000; 67: 438–41. 5 Lennernas H, Fager G. Pharmacodynamics and pharmacokinetics of the HMG-CoA reductase inhibitors. Similarities and differences. Clinical Pharmacokinetics 1997; 32: 403–25. 6 Wrighton SA, Stevens JC. The human hepatic cytochromes P450 involved in drug metabolism. Critical Reviews in Toxicology 1992; 22: 1–21. 7 Dain JG, Fu E, Gorski J, Nicolletti J, Scallen TJ. Biotransformation of fluvastatin sodium in humans. Drug Metabolism and Disposition 1993; 21: 567–72. 8 Boberg M, Angerbauer R, Fey P, et al. Metabolism of cerivastatin by human liver microsomes in vitro. Characterization of primary metabolic pathways and of cytochrome P450 isozymes involved. Drug Metabolism and Disposition 1997; 25: 321–31. 9 Wang RW, Kari PH, Lu AYH, et al. Biotransformation of lovastatin. IV. Identification of cytochrome P450 1991, 3A proteins as the major enzymes responsible for the oxidative metabolism of lovastatin in rat and human liver microsomes. Archives in Biochemistry & Biophysics 1991; 290: 355–61. 10 Prueksaritanont T, Gorham LM, Ma B, et al. In vitro metabolism of simvastatin in humans [SBT] identification of metabolising enzymes and effect of the drug on hepatic P450s. Drug Metabolism and Disposition 1997; 25: 1191–9. 11 Ishigama M, Honda T, Takasaki W, et al. A comparison of the effects of 3-hydroxy-3-methylglutaryl-co-enzyme A (HMG CoA) reductase inhibitors on the CYP 3A4dependent oxidation of mexazolam in vitro. Drug Metabolism and Disposition 2001; 29: 282–8. 12 Gorski JC, Hall SD, Jones DR, VandenBranden M, Wrighton SA. Regioselective biotransformation of midazolam by members of the human cytochrome P450 1994, 3A (CYP3A) subfamily. Biochemical Pharmacology 1994; 47: 1643–53. 13 Tateishi T, Krivoruk Y, Ueng YF, Wood AJ, Guengerich FP, Wood M. Identification of human liver cytochrome P-450
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Appendix 1 Peck formulae for lean body weight [16]. Male > 18 years: )130.736 + (4.064 · Height in inches) Female > 18 years: )111.621 + (3.636 · Height in inches)
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The effect of variable-dose diazepam on dreaming and emergence phenomena in 400 cases of ketamine-fentanyl anaesthesia R. F. Grace Specialist Anaesthetist, Department of Anaesthetics, Vila Central Hospital, PMB 013, Port Vila, Vanuatu Summary



This randomised double-blind field study compared 400 anaesthetics using diazepam (0, 0.025, 0.5, 0.1, 0.175 mg.kg)1) with ketamine (1 mg.kg)1) and fentanyl (1 lg.kg)1) in Melanesian patients. Dreams were very common and generally positive in nature. A minimum of 0.1 mg.kg)1 of diazepam was needed to significantly reduce dreaming when compared with water (67.5% vs. 94.6%; p < 0.0001), and to significantly lower median (95% CI) emergence delirium scores (4 (3–4) vs. 6 (5–7)). Gender and age did not affect the rate of dreaming. Increasing the dose of diazepam did not improve the dream experience. Patient satisfaction scores were similar between groups. Increases in blood pressure and heart rate were greater in dreamers than in non-dreamers. All groups had high rate–pressure products but this was highest when diazepam was not used. Higher diazepam doses significantly reduced the increase in blood pressure and heart rate at 3 and 6 min postketamine. When used with ketamine and fentanyl, 0.1 mg.kg)1 of diazepam has favourable psychic and cardiovascular effects. Lower diazepam doses generally had little effect whereas larger doses did not enhance the benefits further. 904
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Ketamine anaesthesia is well known to produce emergence delirium, dreaming and cardiovascular stimulation [1, 2]. Multiple attempts have been made to minimise these drawbacks using different methods and pharmacological agents [3–5]. On repeated study, the co-administration of benzodiazepines appears to provide the most consistent amelioration of these effects [6–8]. Worldwide, it is likely that more ketamine anaesthetics are given than any other form of anaesthesia. The commonest accompanying agent for these anaesthetics is probably diazepam. Thus it is surprising that there is so little literature examining this combination. No study to date has considered the emergence, dreaming and cardiovascular characteristics of ketamine with different doses of diazepam. This study aims to address this omission. Methods



This double-blind randomised field study was undertaken following local review committee approval and patient consent. Four hundred ASA I and II Melanesian patients, between the ages of 18–60 years and with body weights of between 45 and 90 kg, were enrolled. Only patients undergoing procedures likely to be completed on a single dose of ketamine were considered. Typical procedures included manipulation of fractures, incision and drainage, dilatation and curettage, etc. Patients with a recorded history of hypertension, ischaemic heart disease, chronic renal failure or mental disturbance were not studied. Patients taking antihypertensive drugs or sedative ⁄ anxiolytics were excluded. The patients were unpremedicated and atropine was not used. A resting blood pressure (BP) and heart rate (HR) were recorded in the operating theatre by a noninvasive automated sphygmomanometer (Colin PressMate, Colin Corporation Japan Model BP-8800). At time zero, patients received intravenous fentanyl 1 lg.kg)1 as a 1% solution, followed by either control (water; 0 mg group) or diazepam (0.025, 0.5, 0.1 or 0.175 mg.kg)1), which was prepared and administered by an assistant so as to blind the observer. This was followed by racemic ketamine 1 mg.kg)1 as a 1% solution and a 5-ml saline flush. Allocation was by ballot randomisation.  2003 Blackwell Publishing Ltd



BP and HR were then recorded at 3-min intervals for 15 min before a final reading at 20 min. Mean arterial pressure (MAP) was calculated as (2 · diastolic + 1 · systolic) ⁄ 3. The rate–pressure product (RPP) was calculated as systolic BP multiplied by HR. After 6 min, the patients were tapped on the forearm and asked to raise their arm. This was repeated each minute until they obeyed. At the end of the procedure the patients were taken to the recovery unit. The recovery area was not darkened and the patients were not isolated. The patients were observed by a single blinded observer. At 20 min, patients were asked if they required extra analgesia and if they felt nauseous (0 ¼ no nausea, 1 ¼ slightly nauseous, 2 ¼ mild nausea, 3 ¼ moderate nausea, 4 ¼ vomited once, 5 ¼ vomited more than once). Before discharge, the observer made the following assessments: Rest Score (1 ¼ very calm, 2 ¼ calm, 3 ¼ restless, 4 ¼ very restless, 5 ¼ extremely restless); Talk Score (1 ¼ very quiet, 2 ¼ quiet, 3 ¼ talked a little, 4 ¼ talked a lot, 5 ¼ called or cried out); Delirium Score (1 ¼ definitely not, 2 ¼ no, 3 ¼ perhaps, 4 ¼ yes, 5 ¼ definitely yes). These three scores were summed to make a total emergence score. Before discharge, the patients were asked if they had dreamed and, if so, to grade their dream (1 ¼ very unpleasant, 2 ¼ unpleasant, 3 ¼ neither pleasant nor unpleasant, 4 ¼ pleasant, 5 ¼ very pleasant). They were also asked if they would be happy to receive the same anaesthetic again (1 ¼ very unhappy, 2 ¼ unhappy, 3 ¼ neither happy nor unhappy, 4 ¼ happy, 5 ¼ very happy). Patients were considered fit for discharge when they were sufficiently lucid to care for themselves, had adequate pain control, were free of nausea and were able to respond to the observer’s questions. A feeling of ‘disorientation’ did not preclude patients from being discharged to the ward. The time of discharge from recovery was recorded. Patients placed in the Trendelenburg position were included. If oxytocinon was administered prior to the 20-min cut-off time for BP and HR measurement, readings immediately after the administration were excluded but recovery observations proceeded. Administration of drugs likely to interfere with cardiovascular parameters or mentation led to the patient being excluded 905
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from the study. If a rescue dose of ketamine was required, the BP and HR readings to the point of rescue were included but not thereafter and no recovery observations made. The primary object of interest was the rate of dreaming with different doses of diazepam. Pilot work estimated an 80% dream rate using ketamine 1 mg.kg)1 with a standard deviation of 20%. It was considered that a difference in dream rates of 20% was clinically significant. Using statistical targets of a < 0.05 and 80% power, we required a minimum of 63 patients in each group [9]. To improve the power and allow for drop-outs, it was decided to recruit 80 patients into each diazepam group. Data were collated on a Microsoft access database. Statistical analysis was performed with the Instat Graphpad statistical package [10]. Non-parametric data were analysed according to the technique described by Gardner & Altman [11]. Results given in Tables 1–6 are expressed as mean (SD) whereas those in Fig. 1 are given as mean



Table 1 Demographic and operative time details. Values are



mean (SD). Diazepam; mg.kg-1



Age; years



Weight; kg



F:M ratio



Operative time; min



0 0.025 0.05 0.1 0.175



31.7 30.6 31.9 31.6 31.4



64.1 65.3 67.5 64.6 66.0



1.5 1.5 2.1 2.0 1.1



10 9 10 10 10



(9.5) (9.4) (10.3) (9.8) (9.8)



(9.7) (9.2) (11.1) (10.6) (9.5)



(4) (4) (4) (4) (4)



Table 2 Percentage dreaming and dream score in each diaze-



pam group. Score values are median (range) (95% confidence interval).



(SEM). Comparisons were made using either analysis of variance, 2 · 2 contingency tables with Fischer’s exact test, t-tests or, where appropriate, confidence intervals for non-parametric data. Unless otherwise indicated, comparisons are with reference to the control (0 mg) group. Results



Four hundred patients were enrolled in the study. Eight patients received rescue medication, so their cardiovascular and recovery data after rescue were excluded. Thirty-six patients undergoing dilatation and curettage had isolated cardiovascular data excluded following oxytocinon. Eighteen patients had isolated data omissions. All other data were included. In total, 344 (86%) patients had complete data sets. Table 1 shows the demographic details for the patients in each group. The incidence of dreaming in the different groups is shown in Table 2. Administration of 0.1 mg.kg)1 of diazepam resulted in a significantly lower incidence of dreaming compared with water (p < 0.0001). There was no significant difference in the rate of dreaming between the diazepam 0.1 mg.kg)1 and 0.175 mg.kg)1 groups (p ¼ 0.49). There was no significant difference between the age of dreamers and non-dreamers (31.3 (9.6) vs. 31.8 (10.1) years). There was no significant sex difference between dreamers and non-dreamers; overall, 79% of females and 86% of males dreamed (p ¼ 0.06). This was also the case within individual dose groups. The median dream ranking in all groups was positive. There was no difference in the 95% confidence intervals for the median dream ranking between groups, suggesting that the quality of dreams between groups was identical (Table 2). A minimum of 0.1 mg.kg)1 diazepam was required to produce a significant reduction in the emergence score, as evidenced by a change in the 95% confidence intervals for the emergence score (Table 3). Increasing the dose of diazepam resulted in progressive lowering of the 95% confidence interval but they did not separate until 0.1 mg.kg)1 of diazepam was used. The confidence intervals for emergence scores for 0.1 mg.kg)1 and 0.175 mg.kg)1 were identical.



Diazepam; mg.kg-1



Total in group



% dreaming



p



Dream score



0 0.025 0.05 0.1 0.175



74 80 78 80 80



94.6 85.0 84.6 67.5 73.8



0.07 0.06 < 0.0001 0.0004



4 5 5 4 4



Diazepam; mg.kg-1



Total in group



Rest Score



Talk Score



Delirium Score



Total Emergence Score



0 0.025 0.05 0.1 0.175



74 80 78 80 80



2 2 1 1 1



2 1 1 1 1



2 2 2 1 1



6 5 5 4 3



906



(1–4) (1–4) (1–4) (1–4) (1–4)



(2–2) (2–2) (1–2) (1–1) (1–1)



(1–5) (1–4) (1–4) (1–5) (1–4)



(1–2) (1–2) (1–2) (1–1) (1–1)



(1–5) (1–5) (1–5) (1–5) (1–5)



(4–5) (4–5) (4–5) (4–5) (4–5)



(1–5 (2–2)) (1–5) (2–2) (1–5) (2–2) (1–5) (1–2) (1–5) (1–2)



(3–12) (3–13) (3–14) (3–14) (3–12)



Table 3 Emergence scores in each



diazepam group. Score values are median (range) (95% confidence interval).



(5–7) (4–6) (4–6) (3–4) (3–4)
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Table 4 Nausea scores, time-to-obeys



and discharge by diazepam group. Score values are median (range) (95% confidence interval). Values for times are mean (SD).



Table 5 Mean percentage increase in



MAP above resting level. Values are mean (SD).



Table 6 Mean percentage increase in



HR above resting level. Values are mean (SD).



Diazepam; mg.kg-1



Total in group



Nausea Score



Time to obey; min



p



Time to discharge; min



p



0 0.025 0.05 0.1 0.175



74 80 78 80 80



1 1 1 1 1



11 11 12 14 14



1.0 0.1 < 0.0001 0.0001



33 33 36 42 45



1.0 0.8 < 0.0001 < 0.0001



Diazepam; mg.kg-1



3 min



6 min



9 min



12 min



15 min



20 min



0 0.025 0.05 0.1 0.175



30.6 26.0 22.4 18.9 18.8



30.8 26.3 23.8 22.2 22.6



25.9 22.8 21.8 21.3 20.3



21.5 18.9 18.8 19.7 18.6



19.7 16.0 15.2 15.7 15.6



15.9 10.8 11.4 13.0 12.9



Diazepam; mg.kg)1



3 min



6 min



9 min



12 min



15 min



20 min



0 0.025 0.05 0.1 0.175



12.8 9.9 9.7 7.0 8.4



20.4 15.9 16.5 11.8 9.1



22.7 18.9 18.6 16.9 14.1



19.6 15.9 16.0 20.2 15.7



22.3 12.2 13.6 17.6 13.2



7.2 6.2 7.2 12.5 9.4



(18.8) (10.8) (12.2) (10.6) (14.2)



(18.7) (16.2) (15.1) (15.7) (16.7)



(1–5) (1–5) (1–5) (1–2) (1–2)



(1–1) (1–1) (1–1) (1–1) (1–1)



(14.2) (13.1) (13.1) (13.4) (13.2)



(22.1) (21.3) (22.0) (22.1) (22.2)



(3.8) (3.7) (3.6) (4.6) (5.4)



(16.1) (12.8) (13.7) (12.5) (12.9)



(23.8) (24.1) (24.6) (23.2) (25.1)



(14.7) (12.1) (13.0) (12.1) (12.2)



(23.3) (21.2) (16.4) (21.1) (24.7)



(10) (14) (11) (15) (12)



(19.1) (12.2) (12.7) (12.4) (12.2)



(14.2) (16.6) (14.1) (20.2) (19.2)



(17.9) (11.7) (11.1) (12.5) (10.8)



(16.5) (12.4) (13.7) (18.9) (16.0)



Rate-Pressure Product (RPP) Ketamine/Fentanyl with variable dose Diazepam (mean+/–SEM) 0.025 mg·kg–1 diazepam



Water –1



0.1 mg·kg



0.05 mg·kg–1 diazepam



0.175 mg·kg–1 diazepam



diazepam



Rate-Pressure Product (RPP)



17000 16000 15000 14000 13000 12000 11000 10000 Figure 1 Rate–pressure products for



0



different diazepam groups.



There was no significant difference between groups for the percentage of patients requesting additional analgesia. The rates of nausea in all groups were low. Patients
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12



15



18



21



Time (min) receiving 0.1 or 0.175 mg.kg)1 of diazepam had smaller ranges of nausea scores, although the confidence intervals were identical for each of the groups (Table 4). 907
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Increasing the dose of diazepam resulted in a progressive increase in the time to obeying command, although this did not reach statistical significance until 0.1 mg.kg)1 (p < 0.0001). Increasing the dose to 0.175 mg.kg)1 made no further difference (p ¼ 1.0; Table 4). Increasing the dose of diazepam also resulted in a progressive increase in the time to discharge from recovery but this did not reach significance until 0.1 mg.kg)1 (Table 4). Patient satisfaction with anaesthesia did not differ significantly between groups. Each group had an average satisfaction score greater than 4 with identical confidence intervals. A significant increase in MAP occurred in all groups when compared with resting MAP. This increase persisted throughout the 20-min cardiovascular observation period. The changes in MAP were highly variable, resulting in a large standard deviation in the mean increase. One-way analysis of variance on the different groups showed that the variation of the mean MAP between groups at 3 and 6 min was significantly greater than expected by chance (p < 0.0001 and < 0.0003, respectively). At the 3-min point, the mean MAP increase using 0.025 mg.kg)1 of diazepam was not significantly different from the control group. All other doses produced a significantly smaller increase in mean MAP at 3 min. At 6 min, all the diazepam dose groups produced a significantly smaller increase in mean MAP than the control group. Beyond 6 min, diazepam continued to produce smaller increases in mean MAP compared with water, but this did not reach significance. Table 5 lists the percentage increases in mean MAP. A significant increase in mean HR compared with the resting level occurred in all the groups. This increase persisted throughout the 20-min cardiovascular observation period. The changes in HR were highly variable, resulting in large standard deviations for the mean increase. The increase in HR appeared to be delayed compared with the increase in MAP. At 3 min, there was no significant difference in heart rate increase between any of the groups except for 0.1 mg.kg)1. This did not extend to the 0.175 mg.kg)1 group. At 6 min, the 0.1 mg.kg)1 and 0.175 mg.kg)1 groups produced a significantly lower increase in mean HR than did water. Thereafter, there was no significant difference between any of the groups in terms of mean HR increase (Table 6). In patients who dreamed, the mean MAP increase was significantly higher at 3, 6 and 9 min compared with those patients who did not dream (p ¼ 0.01, 0.03 and 0.02, respectively). At 12, 15 and 20 min there was no significant difference. There were no significant differences in the increase in mean HR between dreamers and non-dreamers. 908



There was no significant difference at rest for RPP between the groups. All RPPs at rest were above 10 000 (Fig. 1). After induction, all RPPs were significantly greater than at rest. This persisted for at least 20 min. At 3 and 6 min, all diazepam groups, except 0.05 mg.kg)1, produced RPPs significantly lower than for the control group. At 9 min, 0.1 and 0.175 mg.kg)1 diazepam produced significantly lower RPPs than control. At 12 min, only 0.175 mg.kg)1 diazepam produced an RPP significantly different from control. Discussion



This was a field study closely following our routine practice. At Vila Central Hospital we normally use slightly less than 1 mg.kg)1 of ketamine [12], but selected this dose to make the study comparable with other published work. Progressively doubling doses of diazepam were selected, except for the highest dose, as 0.2 mg.kg)1 of diazepam resulted in an unacceptable number of patients requiring airway support. Therefore, 0.175 mg.kg)1 was selected as the largest diazepam dose. A water control group was included as a baseline. Approval for a ketamine-only group was not obtained. In our experience, once the effect of ketamine wanes, patients experience significant pain unless they have received opioids. We habitually use fentanyl in our anaesthetics, but any opioid would probably suffice. Similar anaesthetic practices are common, especially in developing countries. In a busy operating theatre where ketamine forms the backbone of the anaesthetic workload, it is not practical to keep patients in quiet darkened rooms because staff shortages could mean leaving a patient unattended, a potentially dangerous practice. One of the strengths of this study is that it conforms to common field conditions. The rate of dreaming in this study is high. This reflects the field nature of the study and the disturbance of the patients by questioning during the recovery phase. This is, however, a realistic assessment of the dreaming rate, as few patients are left completely undisturbed in recovery. The dream experiences were similar to those described elsewhere, e.g. the sensation of floating or flying, looking down on their body from above and seeing flowers, etc. [13]. This study suggests that a minimum dose of 0.1 mg.kg)1 diazepam is required to significantly reduce dreaming compared with water and that increasing the dose further produces no extra benefit. This study also reveals that diazepam has no impact on the nature of the dream experience. In our patients, the dreams were generally rated as positive. The rate of dreaming was not significantly different between males and females. There was also no difference in age between dreamers and non-dreamers, suggesting that age has no  2003 Blackwell Publishing Ltd
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bearing on dreaming post ketamine. Interestingly, mean increases in MAP in dreamers at 3, 6 and 9 min were higher than in non-dreamers. Is the process responsible for the cardiovascular stimulation also resulting in dreaming? The incidence of overt emergence delirium was low, with the highest median emergence score being 6 in the control group. It seems likely that all diazepam doses reduce emergence scores, but a significant difference in the confidence intervals for the emergence score was not found until 0.1 mg.kg)1 of diazepam was used. When using diazepam with ketamine, the objective must be clear. If the goal is a reduction in dreaming and emergence delirium, then a minimum of 0.1 mg.kg)1 must be used. The median postoperative nausea scores were all exceptionally low. The confidence intervals were identical but the range was noticeably less as the dose of diazepam was increased. Others have observed improvement in postoperative nausea with larger diazepam doses [14]. The dose of diazepam made no difference to the need for additional analgesia. The rates of significant postoperative pain were low. It has already been shown that adding benzodiazepines to ketamine increases the duration of anaesthesia [15]. As might have been expected, increasing the dose of diazepam progressively increased the time to obey commands and the time to recovery discharge. The differences did not, however, reach significance when compared with water until 0.1 mg.kg)1 of diazepam was administered. This, unfortunately, is the trade-off to diminish dreaming and emergence delirium. Patient satisfaction was high and there was no significant difference in satisfaction scores between groups. High satisfaction with ketamine and diazepam anaesthesia has been reported elsewhere [16]. The rates of unpleasant experiences with ketamine and diazepam are generally reported to be about 5% [16–18]. Ketamine anaesthesia possibly has more of a bad name than it deserves. It may also depend upon patient expectation. The patient population used in this study is generally grateful to receive health care. Casual observation suggests that a positive attitude does influence the patient experience with ketamine. Previous research has suggested that positive psychological input can influence the dream experience and improve patient acceptance of ketamine [5]. Are patients less troubled by ketamine than their carers? There was a large variation in BP and HR increase between individual patients. All groups showed large and significant increases in MAP compared with resting values. The increase in MAP is prompt, reaching a maximum between 3 and 9 min. The response is sustained, extending beyond the 20-min cardiovascular observation period in this study. This observation should  2003 Blackwell Publishing Ltd



encourage anaesthetists to be more willing to use ketamine in situations where the starting BP is low, such as trauma. Not only does ketamine raise the BP but the effect is prolonged. This effect would appear not to parallel the blood concentration ⁄ time curve of ketamine and suggests the cardiovascular response is due to a secondary mediator. The maximal HR changes are delayed in comparison with the changes in MAP. Why this should be so is unclear. Atropine does not appear to be routinely needed with ketamine anaesthesia. It is unlikely to influence dreams or emergence phenomenon and is not required for its effect on HR. Some patients do salivate with ketamine anaesthesia but this was not found to be a problem in this study. One of the major contraindications to ketamine use is a history of coronary artery disease. The RPP is a surrogate measure of myocardial oxygen demand and cardiac workload. Reported 24-h means for RPP in healthy individuals are about 8000 [19, 20]. To gauge the likely increase in myocardial oxygen demand, the RPP for each group was calculated. The resting figures for RPP (> 10 000) are quite high in this study (Fig. 1). This reflects the unpremedicated state and patient anxiety, as resting haemodynamics were taken on the operating table. All the groups had statistically significant increases in RPP. Whether these increases are clinically significant is unknown. To our knowledge, none of our patients has had problems resulting from cardiovascular stimulation secondary to ketamine. Similar observations have been made elsewhere [3]. The greatest separation in mean RPPs was found between 3 and 12 min. There was a non-significant trend suggesting that increasing the dose of diazepam favourably impacted on the RPP. Clinically, we already employ this in our practice by reducing the ketamine dose and increasing the diazepam dose in patients with hypertension or at risk of undiagnosed coronary artery disease. It has already been shown that ketamine doses can be reduced when used in combination with benzodiazepines [15]. The RPP remains significantly elevated above resting levels, even at 20 min. If diazepam reduces the increase in MAP, HR and RPP and these changes are maximal at between 3 and 9 min, it might be advantageous to delay the administration of diazepam until approximately 3 min after the administration of ketamine so that the bolus effect is maximal at this time. This may also have a favourable effect on the rate of dreaming, as increasing the dose of diazepam is associated with a reduction in the rate of dreaming and a prolonged time to awakening. Delaying the administration of the diazepam may delay awakening and therefore possibly further reduce dreaming. Patients need to be treated individually. It is impossible to recommend a single diazepam dose to be used for 909
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every patient anaesthetised with ketamine. Amongst patients who dream with ketamine, diazepam makes no difference to the quality of the dream. Indeed, amongst the patients in this study, there was no difference in satisfaction scores between those who did or did not receive diazepam. The choice of diazepam dose is therefore largely one of the carer’s preference. A minimum of 0.1 mg.kg)1 of diazepam significantly decreased dreaming and emergence delirium following 1 mg.kg)1 of ketamine but this effect was not improved by giving a larger dose. These effects are achieved at the expense of more prolonged awakening but with the benefit of smaller increases in MAP and RPP. Using a larger dose of diazepam allows the use of a smaller dose of ketamine and this approach might be the best. Acknowledgements
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