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the effect of level of patient’s sedation level
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ABSTRACT
Workload during a complex ICU monitoring task: the effect of level of patients’ sedation level
and repetion of the task
Aslanidis Th, Chatzis A, Kontos A, Grosomanidis V, Karakoulas K, Chatzisotiriou A
Patient care in Intensive Care Units is characterized by high demanding tasks, which leads in daily
high workload. The aim of the study is to evaluate the effect of patient’s sedation level to workload
for the certain task. It also examines whether workload lowers over time, as an effect of the experience gained by the repetition of the task. NASA- TLX tool was used as workload assessments
method during a complex monitoring task in an adult Intensive Care Unit environment. The latter
included monitoring and recording of skin conductance variability, noise level, hemodynamic and
respiratory parameters were monitored during 4 hour routine in two groups of patients. The group
was defined by the sedation level (Ramsay sedation score); otherwise no major differences were
spotted in their characteristics. Both raw and weighted data of the NASA-TLX tool were included
in the analysis, which was performed with MS Excel 2007 (Microsoft Co, USA) and Rstudio® IDE
v.0.99.903 (Rstudio Inc, Boston, MA, USA). Patients’ sedation level did not affect NASA-TLX
measured workload. The former was valid both for
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where the raw values were treated as time series data,
it was shown that some subscales (Ment, Phys) had a
tendency towards lower values, others (e.g. Temp,
Ef) had a relative stability and others (Per) increased
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over time. The total workload (OW) did not seem to lower over time. While the patient’s sedation
level does not affect workload of the specific task, several subscales of the NASA-TLX index do
reveal a tendency over time; a fact that may be used as learning curve/ experience assessment for a
given task. However, further studies are needed in order to define its future utility.
INTRODUCTION
Intensive Care Unit (ICU) is very complex en-

fore, they are the more often used in the litera-

vironment, where the continuous integration of

ture.

both technological and medical progress on one

NASA Task Load Index (TLX) is a subjective

hand, and the dynamic character of the clinical

workload assessment tool to allow users to per-

condition presented in each ICU case on the

form subjective workload assessments on oper-

other, poses great challenges to its staff. Patient

ator(s) working with various human-machine

care is characterized by high demanding tasks,

interface systems. It derives an overall work-

which leads in daily high workload1-2. The latter

load (OW) score based on a weighted average

has been identified as a major occupational

of ratings on six subscales: a) Mental Demand

stressor and has been related to several adverse

(Ment), i.e. how much mental and perceptual

effects, for ICU staff as well as for their pa-

activity was required? Was the task easy or de-

tients3-5.

manding, simple or complex? b) Physical De-

Mental workload monitoring is identified early

mand (Phys), i.e. how much physical activity

as the key point in order to assure higher levels

was required? Was the task easy or demanding,

of comfort, satisfaction, efficiency, and safety

slack or strenuous? c) Temporal Demand

6

in this workplace .

(Temp), i.e. how much time pressure did you

Several tools have been developed for this pur-

feel due to the pace at which the tasks or task

pose and there is a trend of creation of more

elements occurred? Was the pace slow or rapid?

oriented indices7-8. Most of these methods fall

d) Performance (Per), i.e. How successful were

into the three following categories (a) perfor-

you in performing the task? How satisfied were

mance-based

subjective

you with your performance? e) Effort (Ef), i.e.

measures, and (c) physiological measures. The

How hard did you have to work (mentally and

practical advantages of subjective procedures

physically) to accomplish your level of perfor-

include their ease of implementation, non-

mance? and f) Frustration (Fr). How irritat-

intrusiveness and their capability to provide

ed,stressed, and annoyed versus content, re-

sensitive measures of operator load7, 9-10. There

laxed, and complacent did you feel during the

measures,

(b)

task?
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Coincidentally, these dimensions also corre-

task in an adult ICU environment and to evalu-

spond to various theories that equate workload

ate the effect of patient’s sedation level to

with the magnitude of the demands imposed on

workload for the certain task.

the operator or the operator’s ability to meet

MATERIAL AND METHODS

11

those demands .Originally developed as a pa-

This prospective observational study was con-

per and pencil questionnaire, it is currently used

ducted at the adult general ICU, at AHEPA

as computerized version. In each subscale the

General University Hospital, Thessaloniki,

score varies between 0-100 (no workload to

Greece. A total of 25 4h-measurements took

extreme workload), with 5-point steps. Results

place in 16 critically ill adult patients, under

can be analyzed both as raw data or weighted

sedation. Other inclusion criteria included ad-

scores. The observer evaluates the contribution

ministered mechanical ventilation>24h and

of each factor (its weight) to the workload of a

constant sedation level under midazolam or

specific task, thus providing diagnostic infor-

propofol

mation about the nature of the workload im-

(c.i.v.). On the contrary, patients with Ramsay

posed by the task.

sedation score (RSS) 1, diagnosed or with histo-

Several other methods exist for operator-based

ry of hearing problems, psychiatric disorders,

subjective workload: the Cooper-Harper Scale,

neurological diseases, neuro~ or myopathy, de-

the perceived workload scale, the Subjective

lirium, CNS or spinal cord injury, were exclud-

Workload Assessment Technique (SWAT), the

ed. Also as exclusion criteria were considered

Workload Profile (WP), the Rating Scale Men-

pregnancy, hemodynamic/respiratory instabil-

tal Effort (RSME) and the NASA-Task Load

ity, edema of the upper limbs (place of meas-

Index (NASA-TLX). Yet, literature shows that

urement) and the presence of sensitive electrical

the latter is a reliable and valid instrument and

life-sustainable devices such as cardiac pace,

is actually more reliable and valid than other

renal replacement therapy devices, intra-

subjective workload instruments7,13.

abdominal aortal counterpulsion pump, extra-

Standardization and repeatability of complex

corporal membrane oxygenation and artificial

tasks often reduce mental workload. That’s the

liver. Measurements were divided into 2 cate-

reason that few studies have used mental work-

gories according to sedation level: Group A-

load monitoring as evaluation tool in a given

RSS 2-4 and Group B –RAS 5-6.

learning curve for a specific task12.

The task included monitoring skin conductance

The aim of the study is to examine the latter

(SC) variability, anesthesia depth, noise level,

theory in a case study of a complex monitoring

selected hemodynamic and respiratory parame-
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ters during 4 hour routine daytime intensive

in μSs). In case of area huge peaks establishing

care nursing and treatment. Events that could

a horizontal base line from the first peak mini-

influence the above measurements were also

mum in the time window. The area calculated is

recorded (e.g. nursing turning, voice stimulus,

the accumulated difference between the con-

drug administration, hand-over, physiotherapy,

ductance values at the registration curve and the

etc). Demographics and lab data were recorded

established baseline when they are larger than

at the beginning of each task Check and appro-

the baseline. The measure of area small peaks is

priate setting of the monitoring devices was al-

calculated by establishing a line between two

so included. Measurements which were moni-

adjacent peak minimum points. The area is the

tored on screen photographed every 60 min.

accumulated difference between the line and the

The task demanded continuously (4 hour) pres-

skin conductance registration curve values

ence of the observer.

when they are larger than the line. Cut off for

Med Storm Pain Monitor System (MED

NSCF counting was >0.005, much more sensi-

Storm® Innovation AS, Oslo, Norway) was

tive than the >0.02 μS used in relative pain

used as SC monitor13. Three single use Ag/Cl

monitoring literature11. Signal quality <80%

electrodes were attached at the palmar surface

was considered artifact and the measurement

of the hand: on the thenar eminence (current),

was also excluded. Event – input was per-

on the hypothenar eminence (measurement) and

formed manually (via keyboard) by the investi-

just below 2nd and 3rd digits (reference). In order

gator. Noise level was measured at distance 30

to minimize artifacts, the hand least likely to

cm from the head of the patient via Sound Lev-

move, with no intravenous or intra-arterial lines

el Meter GM13656 (Shenzhen Jumaoyuan Sci-

was chosen. SC was measured by alternating

ence & Technology® Co., China)14. The rest of

current of 66Hz and an applied voltage of

the parameters were monitored via Bedside

50mV. SC parameters recorded were: absolute

Monitor BSM 9101K and Monitor CNS 9601

SC (in μS), peaks/sec or number of SC fluctua-

(Nihon Kohden® Ltd., Japan). Bispectral index

tions per second (NSCF), the average peak (mi-

monitor (Covidien®, USA) was also in place.

cro Siemens seconds – μSs), the rate of increase

Mechanical ventilation parameters and arterial

or decrease from the start to the end of the

blood gases were recorded hourly or in case of

measurement window (rise time, in micro Sie-

an “event”.

mens per second - μS/s), area huge peaks (μSs),

Observer was a consultant with proven previous

area small peaks (μSs) and the larger of the two

experience and thorough knowledge of every

measures (referred as Area under curve- AUC,

device used for the task.
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Descriptive statistics are presented as mean (𝑥̅ ),

Descriptive statistics in for the measurements

standard deviation (s). Shapiro-Francia normal-

conducted in each group are displayed in Table

ity test was conducted for each parameter and

2, while boxplots of each subscale for both

then two comparison designs were followed:

groups is shown in Graph 1.

one that examined possible difference between

Table 2. Subscales raw scores as mean (stand-

the 2 groups and one examined workload along

ard deviation) in each Group

time (time series analysis). Data analysis was

Group A

performed with MS Excel 2007 (Microsoft Co,
USA) and Rstudio® IDE v.0.99.903 (Rstudio
Inc, Boston, MA, USA).

Group B

̅
𝒙

S

̅
𝒙

S

Ment

40

18.55

43.13

26.6

Phys

55.5

26.5

67

22.1

Temp

30

11.78

39.3

27.25

RESULTS
General characteristic of patients in each group
of measurements is illustrated in Table 1. Dif-

Per

26.5

20.42

20

15.69

ferent averages of APACHE II score, Extended

Ef

41

15.6

38.3

22.49

Glasgow

Fr

16.5

14.91

18.67

17.16

296.26

198.18

298.78

241.02

Outcome

Score

(GOSE)

and

PaO2/FiO2 are partially explain the different se-

OW

dation level.
Table 1. General characteristics of the patients

scale for both groups.

included finally in each group.
Group Α

Group B

10

15

Sex

♂ =10,♀=0

♂ =9, ♀=6

Age (years)

66.5(14.8)

63.8(10.9)

Weight (kg)

90.6(15,1)

89.95(12.6)

ΒMI( kg/m2)

28(1.65)

30.3(0.85)

APACHE II

15.4(1.55)

19.6(1.66)

SOFA

6.3(0.9)

7.9(0.4)

GOSE

6.4(0.9)

5.2(0.8)

t (oC)

37.2(0.3)

37.1(0.4)

PaO2/FiO2

294(69.3)

230 (81.8)

N measurem

Graph 1. Side by side boxplots for each sub-

Presented form: mean (SD), rounded to the nearest
decimal.
©2017 Society of Anesthesiology and Intensive Medicine of Northern Greece
©2017 ΕταιρείαΑναισθησιολογίαςκαιΕντατικήςΙατρικήςΒορείουΕλλάδος

The horizontal lines define the level of the workload:
green (light), blue (moderate), orange (severe), red (extreme).
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Descriptive statistics of weighted scores for

Comparison between the 2 Groups did not re-

each subscale is displayed in Table 3, while

veal any differences (Table 4).

boxplots of each subscale for both groups is

Table 4. Comparison between the two groups

shown in Graph 2.

Raw scores

Table 3. Weighted scores for each subscale.
Group A

Ment
Phys
Temp

̅
𝒙

S

0.3

0.04

0.28

0.05

0.08
0.26

Ef

0.28
0.12

0.08
0.2
0.04
0.2
0.17

CI

p

(95%) **

S

0.18

p

CI

Group B

̅
𝒙

Per

Fr

Statistic

Weighted scores

0.24
0.17
0.24
0.20
0.09

0.07

Ment

W=70.5*

0.8

[-15,+10]

0.21

[-5.9e-6,6.6e-2]

Phys

t=-1.13+

0.27

[-32.9,9.9]

0.13

[-0.11,1.8e-5]

Temp

W=65.5*

0.59

[19.9,9.9]

0.21

[-0.13,4.3e-5]

Per

W=86.5*

0.53

[-9.9,20]

0.14

[3,6e-5,6.6e-2]

Ef

t=0.35+

0.72

[-13.1,18.4]

0.07

[3.8e-5,0.13]

Fr

W=69,5*

0.77

[-15,9.9]

0.52

[-0.06,0.06]

OW

t=-0.04+

0.97

[-186,179.8]

0.26
0.04
0.19
0.17

Graph 2. Boxplots of weighted scores for both
Groups (assigned with [subscale abbreviation,Group]).

(95%)**

*Wilcoxon rank sum test with continuity
correction (Mann Whitney U test)
+
Welch two sample t test (not equal variances)
** Confidence interval 95%
In the second part of the analysis we examined
the workload over time. From the raw data we
can see that the general overall trend is towards
smaller workload, yet not in every subcategory
(Graph 1).
In detail, trend extrapolation (linear, exponential.,logarithmic) reveal a tendency for lower
workload in Ment, Phys, Per, Ef and Fr subscales ;yet an increasing trend for Pe subscale
and for Total workload (OW) (Graph 2). Yet,
the coefficient of determination R2 for all trends
are low to moderate (Table 5).
.
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Graph 1. A. Collective graph of all subscales and overall workload of the NASA TLX index over
time.

Graph 2. Separate graph that illustrate better the course of every subscale and the overall workload
(raw data).

Blue line- actual value with standard of error (se), black line- linear trend, red line-exponential trend and green linelogarithmic trend line.
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Table 5. Coefficient of determination R2 for

Then, Exponential Smoothing State method

linear, exponential and logarithmic trends.

(ets model) was used for forecasting the value

Subscale

Linear

Exponential

Logarithmic

of each subscale for the same number (11) of

Ment

0.3318

0.3885

0.5916*

measurements. The model chosen manually

Phys

0.5473

0.6021*

0.4857

for all parameters was ETS (M,N,N), i.e. sim-

Temp

0.0031

0.0017

0.1092*

ple exponential smoothing with multiplicative

Per

0.195*

0.1839

0.0904

errors. Yet, an automatic selection of model

Ef

0.2245

0.3419

0.3777*

Fr

0.1557

0.1253

0.1977*

OW

0.0004

0.0134

0.0535*

was also examined (Suppplemental File).
Accuracy of each method with calculation of
Mean Error (ME), Root Mean Squared Error

*- the most “reliable” trend model.

Further on, we treated each subscale raw data
as univariate time series. First we used average,
naïve and drift forecasting methods for each
time series fir extrapolating another 11

(RMSE), Mean Absolute Error (MAE), Mean
Percentage Error (MPE), Mean Absolute
Percentage Error (MAPE), Mean Absolute
Scaled Error (MASE) and Autocorrelation
errors at lag 1 (ACF1) are displayed in Table 6.

measurements into the future.

Table 6. Accuracy measurements of the forecasting methods used (mean, naïve, drift method, ETS
(M,N,N) model and the best automatically chosen model) for 11 future measurements in each subscale and total workload.
Ment

ME

RMSE

MAE

MPE

MAPE

MASE

ACF1

Mean

2.56e-15

20.308

15.056

26.170

46.3982

1.015

0.449

Naïve

2.9167

18.53825

14.833

16.3088

41.2044

1

-0.558

Drift

3.84e-15

18.31

15.32

-7.28

41.85

1.032

-0.558

ETS(M,N,N)*

-3.6183

16.033

13.273

-20.303

38.516

0.894

-0.1

Mean

1.42e-15

23.627

20.304

-30.053

53.266

1.06

0.342

Naïve

-3.75

24.324

19.167

-23.64

44.024

1

-0.61

Drift

0

24.034

19.167

-15.654

41.75

1

-0.61

ETS (M,N,N)

-0.2019

14.911

12.394

-11.904

27.397

0.646

-0.295

ETS (A,A,N)

-0.2018

14.911

12.394

-11.904

27.397

0.646

-0.295

Phys

Temp
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Mean

8.52e-16

22.059

14.768

-35.924

56.18

0.814

-0.016

Naïve

-2.71

29.279

18.125

-30.985

59.89

1

-0.358

Drift

-3.25e-15

29.154

18.125

-20.32

57.97

1

-0.358

ETS(M,N,N)*

-6.163

24.032

19.716

-59.123

80.34

1.087

0.0185

Mean

-1.42e-15

17.269

14.304

-109.45

142.168

0.981

0.2651

Naïve

-0.4167

21.015

14.583

-87.013

126.321

1

-0.459

Drift

-1.48e-15

21.011

14.722

-83.035

126.894

1.009

-0.459

ETS (M,N,N)

3.247

17.243

13.282

-69.103

108.941

0.9107

0.0901

ETS (A,N,N)

3.246

17.243

13.281

-69.103

108.941

0.9107

0.0901

Mean

1.42e-15

19.303

16.928

-64.883

92.233

0.887

0.251

Naïve

-2.08

22.953

16.667

-42.343

76.358

1

-0.641

Drift

-7.03e-16

22.863

18.993

-33.385

74.579

0.991

-0.641

ETS (M,N,N)

-4.304

17.772

14.212

-63.296

81.504

0.7415

-0.1375

ETS (A,N,N)

-4.304

17.772

14.212

-63.296

81.504

0.7415

-0.1375

Mean

-5.67e-16

15.689

12.56

-93.156

123.858

0.942

0.1191

Naïve

-2.5

18.763

13.33

-83.497

124.419

1

-0.323

Drift

-1.75e-15

18.596

13.75

-55.396

122.725

1.031

-0.323

ETS (M,N,N)

-0.0101

15.6902

12.562

-93.2672

123.943

0.9421

0.1191

ETS (A,N,N)

-0.0101

15.6902

12.562

-93.2672

123.943

0.9421

0.1191

Mean

8.52e-16

7.146

6.201

-130.01

161.21

0.865

0.136

Naïve

-0.9167

9.045

7.167

-114.772

155.547

1

-0.58

Drift

2.45e-16

8.994

7.013

-96.69

150.473

0.978

-0.58

ETS (M,N,N)

-1.725

6.9358

5.725

-139.807

159.817

0.7989

-0.1096

ETS (A,N,N)

-1.725

6.9358

5.725

-139.807

159.817

0.7989

-0.1096

Per

Ef

Fr

OW

ETS (M,N,N)- simple exponential smoothing with multiplicative errors, ETS (A,A,N)- Holt’s linear method with additive
errors, ETS (A,N,N)- simple exponential smoothing with additive errors.
*the same model chosen when automatic selection used.
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For Ment, Temp subscales, ETS (M,N,N)

NASA TLX index and examines patients’ se-

seem to be the best method, for the Per, Fr

dation level and workload. No significant rela-

subscale and OW the ETS (A,N,N) and for

tion was found. Yet, further studies are needed

Phys subscale ETS (A,A,N) method was re-

with more investigators and workload scales,

spectively automatically selected as the best

either operator-based subjective ones7,13 or

model. Only for Fr subscale the mean method,

scores measuring activities (e.g. TISS-28,

ETS (M,N,N) and ETS (A,N,N) seem to be

NAS)20, to reach a more definite conclusion.

equally reliable. Yet, only Phys subscale

In the second part of the analysis where the

shows a clear tendency towards lower values

raw values were treated as time series data, it

over time.

was shown that some subscales (Ment, Phys)

DISCUSSION

had a tendency towards lower values, others

Several associations with patient’s condition or

(e.g. Temp, Ef) had a relative stability and oth-

ICU environment and workload have been re-

ers (Per) increased over time. The total work-

vealed in previous reports. Thus, e.g. higher

load (OW) did not seem to lower over time.

workload demand was associated in the past

Those results can be partially explained by the

with physiological instability (respiratory fail-

“familiarization”/adaptation of the investigator

ure) and multiple severe trauma injuries in

to the time frame and the manual tasks needed

male patients14. On the contrary, higher nursing

over time (i.e. Ment and Phys) and the increas-

workload seems to have a protective role for

ing focusing to efficiency (i.e Per). Previous

the development of pressure ulcers15. Other

studies also report that performance did not

studies report that administrative problems,

depend on experience; thus, enforcing the for-

high ratio of patients: nurse and mismatch of

mer hypothesis21-22. There are few studies in

the mismatch between the capacity of wards

the literature about the use of workload as an

and the number of patients may increase work-

evaluation method of the learning curve of a

load16. The type of the ICU and the shift also

specific task12, 23-25. On the contrary, increased

affects workload: thus, lower scores are re-

mental and physical workload was associated

ported during night shifts, in weekends and in

with inferior task performance and higher like-

Medical ICU patients and higher during morn-

lihood of errors26.Physical signs of increased

ing shifts in Surgical ICU patients17-18. In

mental workload and frustration during specif-

Greece, there are few studies that relate high

ic task were also described27; and psychologi-

nursing workload with high mortality1 and fe-

cal strategies have also been proposed as a

ver in ICU19. This the first study that uses

measure of reducing mental workload28. The
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current study does reveal a tendency towards

and the medical and nursing staff of the unit

lower mental and physical workload over time

for their assistance.

(i.e. adaption=experience or step up in the

ETHICS

learning curve of the specific task), though the

The study is part of a thesis project, approved

OW stays relatively constant. That suggests

by AHEPA General University Hospital Re-

that though the use of the NASA-TLX sub-

search Committee and by No 16/09-07-2013

scales may be useful, the OW is yet to prove

General Assembly of Special Composition of

its utility.

Medical School, Aristotle University of Thes-

Future studies with a variety of tasks, observ-

saloniki (Ref. No.8220/10-07-2013)

ers and methods are needed to define which
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