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Abstract

Background: Fatigue in physician trainees may compromise pa-
tient safety and the well-being of the trainees and limit the ed-
ucational opportunities provided by training programs. Anec-
dotal evidence suggests that the on-call workload and physical
demands experienced by trainees are significant despite duty-
hour regulation and support from nursing staff, other trainees
and staff physicians.

Methods: We measured the workload and the level of fatigue and
physical stress of 11 senior fellows during 35 shifts in the criti-
cal care unit at the Hospital for Sick Children in Toronto. We
determined number of rostered hours, number of admissions
and discharges, number and type of procedures, nurse:patient
ratios and related measures of workload. Fellows self-reported
the number of pages they received and the amount of time
they slept. We estimated physical stress by using a commer-
cially available pedometer to measure the distance walked, by
using ambulatory electrocardiographic monitoring to deter-
mine arrhythmias and by determining urine specific gravity
and ketone levels to estimate hydration.

Results: The number of rostered hours were within current On-
tario guidelines. The mean shift duration was 25.5 hours
(range 24-27 hours). The fellows worked on average 69 hours
(range 55-106) per week. On average during a shift, the fel-
lows received 41 pages, were on non-sleeping breaks for
1.2 hours, slept 1.9 hours and walked 6.3 km. Ketonuria was
found in participants in 7 (21%) of the 33 shifts during which it
was measured. Arrhythmia (1 atrial, 1 ventricular) or heart rate
abnormalities occurred in all 6 participants. These fellows
were the most senior in-house physician for a mean of 9.4
hours per shift and were responsible for performing invasive
procedures in two-thirds of their shifts.

Interpretation: Established Canadian and proposed American
guidelines expose trainees to significant on-call workload,
physical stress and sleep deprivation.
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R ecognition that clinician fatigue may promote inef-

fective care and lead to adverse patient outcomes"
has provided a compelling rationale for the enforce-
ment of resident duty-hour guidelines. Although these
guidelines permit trainees to work more hours — both
continuously and cumulatively — than other nonphysician

groups,’ they represent an effort to reduce physician work
hours and promote patient safety.

The current Professional Association of Internes and
Residents of Ontario-Ontario Council of Teaching Hospi-
tals (PAIRO-OCOTH) agreement’ has been in place since
July 2000. This agreement limits residents to a maximum
of 7 in-house on-call periods of up to 24 hours (plus a han-
dover period) in 28 days. Call periods are nonconsecutive,
should not include more than 2 weekend days in the 28-day
cycle and are followed by “relief of service until the next
working day.”

The PAIRO-OCOTH agreement also requires the pro-
vision of sleeping facilities — implicitly suggesting that on-
call trainees may rest during in-house call. Rest may miti-
gate the effects of long duty hours.? However, experience
suggests that on-call shifts are physically demanding and
that opportunities for rest and sleep are limited.’

Although recognition of the relation between trainee
duty-hours and fatigue and patient and physician safety is
increasing,>** direct assessment of workload, physical stress
and the impact of staff and junior physician support has
been limited. To evaluate the work environment of trainees,
we conducted a prospective study in the critical care unit of
a university-affiliated tertiary care centre.

Methods

The Hospital for Sick Children is a 300-bed university-affiliated
teaching hospital. Its pediatric critical care unit (PCCU) is a 36-
bed multidisciplinary unit staffed by 150 nurses, 45 respiratory
therapists, 12 fellows, 1 or 2 residents and 5 full-time staff physi-
cians (intensivists). It is a closed unit, in that intensivists from the
unit assume primary responsibility for admitted patients. Each
year, 1700 children are admitted, for a total of about 6000 patient-
days. The on-call intensivist is directly responsible for the super-
vision and support of trainees.

The on-call structure involves 1 or 2 staff intensivists, who are
not required to stay in the hospital, and 1 senior fellow, a junior
fellow and, occasionally, a third physician (the rotating resident),
all of whom remain in the hospital. Between the morning rounds
(7:30 am) and the sign-out rounds (4:30 pm) on weekdays, the on-
call physician team is joined by the other 6-10 fellows and resi-
dents who are not post-call. On weekends, the incoming and out-
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going physician teams overlap during handover; otherwise, the
members of the on-call team are the only physicians in the PCCU.

Senior fellows are usually international medical graduates (as
there are insufficient Canadian critical care medicine trainees to
fill the available positions) with 6-12 years of postgraduate train-
ing, including completion of formal training requirements in one
or more of pediatric medicine, anesthesia, surgery and intensive
care in their country of origin. They have completed a minimum
of 1 year in pediatric intensive care medicine, and their clinical
performance in the Hospital for Sick Children’s PCCU has been
assessed as appropriate for this designation. Admission to the
hospital’s pediatric critical care medicine fellowship program is
highly competitive. The 8-10 international trainees admitted to
the program each year are often in the final stages of their clini-
cal training and bring many skills and experiences to the program
during their 6- or 12-month rotations. The senior fellow is the
most senior in-house physician. He or she is responsible for co-
ordination and support of the other on-call physicians, manage-
ment of calls from outside the unit and communication with the
intensivists.

Measures of patient-related physician workload, physiologic
stress and unit staffing were recorded for up to 5 shifts for each
fellow. In addition, two 4-week periods were chosen at random
from the senior fellow’s roster and the mean and total number of
hours rostered per week calculated. Work practice was compared
with the 2000 PATIRO-OCOTH guidelines.*

Data were collected using a standardized form, which was
given to senior fellows at the start of their shift and reviewed for
completeness at the end of the shift. Additional administrative and
electrocardiographic data were added to the form before data en-
try and analysis.

To measure workload, we obtained patient numbers and acuity
directly from the PCCU administrative database. The number of
children receiving mechanical ventilation, extracorporeal mem-
brane oxygenation, hemodialysis and high-frequency oscillation
was recorded, and initiation of these therapies during the call pe-
riod was noted. Senior fellows prospectively recorded the number
and type of procedures they performed or supervised, the number
of patients they transported outside the unit, the number of pages
to them and the occurrence of cardiorespiratory arrest and death
in patients they managed. At the end of each shift, participants
evaluated how busy and how psychologically stressful the on-call
period was using a 7-point numerical scale (1 = least, 7 = worst) in
comparison with the participants’ previous experience.

To determine physiologic stress, we gave senior fellows a com-
mercially available pedometer (Sportline Pedometer 360, New
Balance, Boston) to measure the distance walked during each
shift. Stride length was calibrated, and the number of steps taken
and distance walked during the shift were recorded. In addition,
participants recorded the duration of breaks and total sleeping
time. Urinalysis for specific gravity and ketones was performed at
the end of the shift (MultiStix 10 SG, Bayer, Toronto, Ont.). Am-
bulatory electrocardiographic (Holter) monitoring was performed
where feasible using Marquette Series 8500 recorders (GE Mar-
quette Medical Systems, Milwaukee).

To determine the impact of staff support, the number of nurs-
ing staff and nurse:patient ratios were calculated. The number of
in-house physicians and intensivists on-call, the time of their de-
parture, subsequent communication between senior fellows and
intensivists and the return of intensivists to the unit after depar-
ture were also documented.

Descriptive statistics were used to represent the data. Compar-
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isons between shifts with 1 versus 2 on-call intensivists and shifts
with and without a resident were made using Student’s 7 test for
continuous variables and the X* test or Fisher’s exact test for cate-
gorical variables.

Holter recordings were scanned using a MARS Unity Work-
station (version 4.0a, GE Marquette Medical Systems) by 1 of 2
senior technologists and by an electrophysiologist. Time- and
frequency-domain measures of heart rate variability were com-
pared with published normal values.”

The study was reviewed and approved by the hospital research
ethics board, and written informed consent was obtained from all
of the subjects before their participation.

Results

Full assessments were conducted during 35 shifts involv-
ing 11 consenting senior fellows over the 6-month period
ending April 2002. Two of the senior fellows completed
their training at the Hospital for Sick Children in Decem-
ber 2001 and were replaced by 3 new senior fellows in Jan-
uary 2002.

During the 6-month study period, 837 children were
admitted to the PCCU; 71% received mechanical ventila-
tion and 4.3% died. The mean patient census was 20, and
the mean number of children admitted per day was 5.1.

Rostered hours and the PAIRO-OCOTH guidelines

Two 4-week roster blocks were reviewed; they com-
prised twelve 4-week blocks during which 1 of 9 senior fel-
lows was on duty. The participants were rostered a mean of
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Fig. 1: Duty hours per week of 9 senior fellows working in a ter-
tiary pediatric critical care unit. Two 4-week blocks, totalling
48 rostered weeks, are represented. The bars reflect the number
of hours worked per week for the number of weeks noted. For
example, the first bar demonstrates that the fellows worked
55 hours per week for 11 of the 48 weeks; the last bar shows that
105 hours were worked per week for 2 of the 48 weeks.



69 hours (range 55-106) per week. Eight of the 48 weeks
involved more than 80 hours rostered for patient care activ-
ities (Fig. 1).

The participants were on-call 5-7 days in 28 days, in-
cluding a maximum of 2 weekend days. They did not work
consecutive on-call shifts, and they were relieved of clinical,
educational and other responsibilities until the beginning
of the next working day.

Workload

Thirty-five shifts (892 on-call hours) were assessed. The
reported mean shift duration was 25.5 hours (range 24-27).
The mean patient census at the start of each studied shift
was 22 (range 15-32); 56% of these patients received venti-
lation. Three children received extracorporeal membrane
oxygenation throughout 2 shifts, and 2 children received
high-frequency oscillation during another 2 shifts. None of
the children received hemodialysis.

A mean of 5.2 children were admitted each day. The
participants supervised or admitted 3.8 children (range 0-8)
per shift and discharged 1.7 (range 0-4).

The participants recorded a mean of 41 pages per shift;
most (65%) of the pages were received between 6 pm and
the end of the shift (Table 1). Of the pages, 91.3% origi-
nated within the unit, 6.3% originated within the hospital,
and 2.4% were from other hospitals. The maximum num-
ber of documented pages in 1 shift was 87; the minimum
was 11 (Fig. 2).

The participants reported performing or supervising at
least 1 invasive procedure (intubation, central line, arterial
line or chest tube insertion or institution of extracorporeal
therapy) during 24 (69%) of the 35 on-call shifts. Intuba-
tion and extubation were the most common procedures
(Table 2).

Placement of arterial access and endotracheal intubation
occurred on average every second shift and central venous
line insertion every fifth. The participants also managed
cardiopulmonary resuscitation every seventh shift and were
involved in the care of a patient who died once every

twelfth on-call shift.
Physiologic stress

On average, the participants covered 6.3 km (range

Table 1: Number of pages to the senior fellows during 35 shifts

Time; no. (and %) of pages

Origin of page Before 6 pm After 6 pm All
In-unit 436 (34) 882 (66) 1318
In-hospital 47 (52) 44 (48) 91
Other hospital 17 (50) 17 (50) 34
All 500 (35) 943 (65) 1443

Fellowship training, workload, fatigue and physical stress

2-11.3 km) and took 10 660 steps per shift. They reported
a mean of 70 minutes for meals and other non-sleep breaks
during the shift, including 31 minutes for non-sleep breaks
taken between 6 pm and handover time the next morning
(7:30 am). In addition, the fellows reported sleeping during
30 (86%) of the shifts, for a mean of 1.9 hours (range 04
hours) (Fig. 3).

Holter monitoring was performed during 9 on-call peri-
ods in 6 of the participants. T'wo demonstrated significant
ectopy (1 atrial, symptomatic; 1 ventricular, asymptomatic).
All of the recordings showed a predominantly unimodal
distribution of heart rates with minimal or no diurnal varia-
tion, consistent with minimal or absent sleep during the
monitoring interval. All of the recordings revealed a sig-
nificant (more than 2 standard deviations [SD]) reduction
in power spectral density in the high-frequency (0.15-
0.40 Hz) band and a shift of the power spectrum into the
low-frequency (0.04-0.15 Hz) band. The resulting low-
frequency:high-frequency ratio (mean 5.6 [SD 1.6]) was also
abnormal (normally 1.5-2.0 for adults). Three of the partic-
ipants demonstrated a significant reduction in SDANN (SD
of the average normal R-R intervals for all 5-minute seg-
ments). These observations are all consistent with a shift of
the normal sympathovagal balance of the heart rate variabil-
ity spectrum toward sympathetic dominance.”

Urinalysis was performed at the end of 33 shifts. Ketones
were detected in the urine of participants in 7 (21%) of the
33 shifts. No glycosuria was reported. The mean urine spe-
cific gravity was 1.02 (range 1.01-1.03). The 17 urine sam-
ples collected from participants at the start of the day shift
were negative for ketones (p = 0.080, Fisher’s exact test).

Staff support

"The mean nurse:patient ratio at the beginning of the shifts
was 0.80 (range 0.625-1.0) and was correlated with the pro-
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Fig. 2: Number of pages received by the senior fellows during
each of 35 on-call, “24-hour” shifts in a tertiary pediatric critical
care unit. For example, the second bar demonstrates that, dur-
ing 8 of the 35 shifts, the fellows received 20 pages per shift.
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portion of patients who were intubated (= 0.5, p = 0.025).

Two intensivists were on call for 21 of the 35 shifts, and
1 intensivist was responsible to the unit for the remaining
14 shifts. On average, intensivists departed at 9:06 pm and
were away from the unit 9.5 hours per shift (range 3-15
hours). During the time they were away from the unit, they
had contact with the senior fellow once every 7.3 hours on
average (range 0—4 calls per shift) and returned to the unit
after departure in 7 shifts (20%), for a mean of 1.7 hours a
visit (maximum 7 hours).

The presence of a second intensivist was not associated
with altered workload or physiologic stress for the senior
fellow (as measured by distance walked, stress rating, busy-
ness, urine specific gravity, total calls, sleep hours [p > 0.28
for all]), but it was associated with more admissions (4.0 v.
5.9 children admitted per shift, p = 0.026).

A second in-house physician, the junior fellow, was pres-
ent during all of the 35 shifts. In 18 of the shifts, there was
also a third in-house physician (a second- or third-year res-
ident on rotation to the unit). The presence of a resident
significantly reduced the workload of the participants in
terms of distance walked (5.0 v. 7.7 km, p = 0.001) and the
total mean number of pages during a shift 34 v. 50, p =
0.012), but it did not alter the participants’ rating of call
stress and busyness, the occurrence of ketonuria or the
mean urine specific gravity (Table 3).

Interpretation

This study quantifies the workload, physical demands
and personnel support experienced by critical care medi-
cine trainees in a major university-affiliated centre. The
trainees in our study worked a mean of 69 hours per week.
On-call periods were supported by high nurse:patient ratios
and 1 or 2 intensivists, but they were physically demanding:
distances of up to 11 km were covered, break times

amounted to 70 minutes on average, and the mean sleeping
time was less than 2 hours. The senior fellow was the most
senior on-site physician for 9.5 hours of the shift on aver-
age and performed or supervised at least 1 invasive proce-
dure in 69% of the shifts.

Ketonuria was observed in 21% of the shifts. The mea-
sured urine specific gravity suggests that dehydration was
common. Although the origins of ketonuria are likely to in-
clude dehydration, ongoing exertion and starvation, our
findings indicate altered metabolism in response to the on-
call stresses.

The number of pages reported by the senior fellows in
the study was below that expected by us. This may have
been because the generally high workload made it difficult
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Fig. 3: Total time the senior fellows reported being asleep dur-
ing each of the 35 shifts. For example, the first bar indicates
that the fellows did not sleep during 5 of the 35 shifts; the last
bar shows that they slept 4 hours per shift during 2 of the
35 shifts.

Table 2: Number of events and procedures supervised or performed by the senior fellows

during 35 on-call shifts

No. of shifts during
which procedure

No. Mean no.  performed or event Maximum
Procedure or event performed per shift occurred no. per shift
Intubation 16 0.46 13 3
Extubation 14 0.40 9 3
Intra-arterial catheter insertion 17 0.49 16 2
Central venous catheter insertion 7 0.20 6 2
Start ECMO 1 0.03 1 1
Sternal opening 3 0.09 3 1
Arrest in PCCU 5 0.14 5 1
Chest tube insertion 1 0.03 1 1
Death 3 0.09 3 1
Start HFO 3 0.09 2 2
Transports 5 0.14 4 2

Note: ECMO = extracorporeal membrane oxygenation, PCCU = pediatric critical care unit, HFO = high-frequency oscillation.
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for the fellows to document all of the pages. The nature of
the pages was not recorded but will have included “Dr now”
overhead calls, less urgent calls to review patients or labora-
tory results (the majority), administrative calls and non-
work-related calls (rare).

The number of procedures performed or supervised by
the participants is probably a conservative estimate. For ex-
ample, following cardiopulmonary bypass, children are ex-
tubated in the unit (2-3 children a day). Extubation may
have occurred under the supervision of the on-call inten-
sivist and, thus, was not reported, although the senior fel-
low would be expected to be involved. Other procedures
may have been performed with minimal assistance by com-
petent junior fellows, or less-urgent procedures may have
been deferred to the “rested” day staff.

The presence of a rotating resident (as the third in-house
physician) was associated with a significant reduction in
workload for the senior fellows. The reduced distance
walked and number of calls probably reflects the greater divi-
sion of tasks possible with more personnel and, specifically,
the management of “routine” patient care by the resident.

Our study had limitations. With the use of self-reporting,
the periods of greatest workload may not have been as well
documented as the other periods. Despite this limitation,
we believe that the study provides reliable but conservative
estimates of workload. The inclusion of formal neuropsy-
chologic testing and measures of error production may also
have been of interest; however, the intent of our study was
to describe workload and physiologic stress rather than to
duplicate previous work demonstrating the linkage between
fatigue and reduced performance.>*"!

The fellows we studied were working within the
PATIRO-OCOTH guidelines* and the revised American
College of Graduate Medical Education (ACGME)® res-
ident duty-hour regulations. However, they did not rest
sufficiently to prevent acute sleep deprivation nor, by infer-
ence, function optimally throughout the shift.**® The
tellows also exhibited measurable abnormalities in meta-

Table 3: The impact of the presence of a resident on senior
fellow’s workload

Resident present*

Workload factor Yes No p value
Total calls 34 50 0.012
Night-time calls 24.6 30 0.244
In-hospital calls 2.8 2.6 0.827
Distance walked, km 5.0 7.7 0.001
Time asleep, h 1.7 2.0 0.384
Breaks, min 77 68 0.524
Self-rating of call stress 4.1 43 0.652
Self-rating of busyness 4.6 5.0 0.424
Ketonuria, no. of shifts 4 3 1.00
Specific gravity of urine 1.02 1.02 0.997

*All values are means except those for ketonuria, which are the number of shifts in which
ketones were detected in the urine of participants.

Fellowship training, workload, fatigue and physical stress

bolism and cardiac rhythm and variability in heart rate.

The consequences are threefold. First, fatigue adversely
affects performance, increases propensity for errors and,
thus, may cause patient harm.**'*"? Second, trainees’ physical
and mental health and interpersonal relations may be ad-
versely affected.” " Finally, training may be compromised.”

The current rostering schedule permits trainees to at-
tend most formal education sessions. The clinical impact of
these sessions and recollection of their content was not as-
sessed, and the ideal balance has not been well defined.”” By
most standards, the training program of the Department of
Critical Care Medicine at the Hospital for Sick Children is
successful. The program is accredited by the Royal College
of Physicians and Surgeons of Canada and, over the last 20
years, has trained 176 fellows from 26 countries, including
the majority of Canadian intensivists and many pediatric
anesthetists.

Summary

Although within current PAIRO-OCOTH and
ACGME regulations, the workload of senior fellows in the
Hospital for Sick Children’s PCCU is physically demand-
ing, allows limited rest and is associated with sleep depriva-
tion and objective markers of physiologic stress. Judged by
the number and destinations of its trainees, this is a highly
successful program; however, trainees are unlikely to be
performing optimally. This style of health care delivery is
almost certainly associated with the production of error and
adverse patient outcomes.

Current guidelines and work practices do not mitigate
significant fatigue and physical stress. Guideline revision
and evaluation of other means to reduce the physical de-
mands on trainees are required if the health care system
wishes to address these challenging issues.
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