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Abstract

Objectives: To compare the performance of paediatric medicine residents following a regular 6 hour and an

extended 24 hour call and their own insight into their performance following each duty.

Method: The study was conducted at The Children's Hospital, Lahore, from September 2007 to November,

2008. All tasks were performed twice, after 6 hour call and 24 hour long call, evaluating Reaction timer,

Concentration test, Number Connection Test, State Trait Anger Anxiety Inventory (STAXI) response for trait anger

and modified Wechsler Memory Scale inventory (WMS-R) for cognitive performance. Likert's self assessment

tool was used for both set of performances.

Result: Thirty two paediatric medicine residents (male 53.1%; female 46.9%) were enrolled in the study with

identical duty structure performing 74 hours per week with mean age of 27.53 ± 0.32 years and mean experience

of 3.69 ± 0.32 years. There was significant deterioration in both verbal recall and logic memory (mean difference

in score of 1.81 (95% C.I 1.25-2.37, p<0.001). Concentration test also showed significantly fewer responses (24

hour mean 239.56, 95% C.I. 228-251.13) vs (6 hour mean 258.94, 95% C.I. 247.42-270.46) in 5 minutes,

p<0.001. Reaction time, vigilance and hand eye coordination was significantly affected after an extended call,

p<0.001. Number of lapses in attention also rose significantly, p<0.001. STAXI response showed significant

increase in anger scores, p=0.001. Despite the significantly poor performance, the residents could not appreciate

the deterioration in their performance with Likert's self assessment score that differed only by 0.63 (95% CI -0.12-

1.37), p=0.1. None of the other factors studied correlated with deterioration in performance of any specific task

except the length of duty hours.

Conclusion: Continuous long stretch of duty causes significant deterioration in cognitive and behavioural status

of residents. More importantly, the residents themselves are unable to appreciate this deterioration. Residents

must be made aware of this deterioration as there is a higher risk of medical errors and bad judgments, risking

patient safety (JPMA 60:644; 2010).

Introduction

Long duty hours of resident doctors have been a cause

of concern for a long time. Following an extended call, the

consecutive duty stretches up to 30 or more hours during the

residency. Long duty hours, continuous stretch of duty and

burden of work all contribute to the deterioration in

concentration, cognition and behaviour of the residents. The

frequency of errors has also been suggested to increase with

the rigorous schedule.1

The research in cognitive and behavioural

deterioration has led to varied conclusions in the past. Most

of the recent studies, however show considerable effect on

mood, cognitive skills and professional accuracy due to

extended work hours. Deterioration in simulated performance

of physicians following a heavy long call has been

comparable to the performance by physicians under the effect

of 0.4 mg/dl alcohol. Work hour restrictions (< 80 hours per

week) have been implemented in USA since 2002.2 Similar

initiatives have been taken in the UK, Europe and Australia.

After the implementation of restrictions, the residents from

these settings have reported improvement in mood, self

esteem and behaviour.

Serious concerns still loom over the residency

programme where conventional thinking suggests that

decreased work hours would reduce the exposure of training

resident to number of patients. It also decreases the number of

procedures performed by the resident questioning the



attainment of professional competence for the specific

procedures. Others have argued that decreased burden of work

may allow more concentrating ability to the residents attaining

competence in fewer number of procedures performed. The

argument is also supported by evidence of decreased errors

with lesser burden at work. Therefore, evaluation is also

necessary to limit the risks to patients associated with

consecutive long hours at work.3

The exact cause of the deterioration remains

questionable. Whether chronic sleep deprivation due to long

hours per week or acute sleep loss due to consecutive working

hours at single stretch pose the most adverse effect remains to

be defined. Unlike most studies, where overall work hours in

a week were considered, effects of extended work hours at a

stretch have not been studied sufficiently. The recent works do

point out more detrimental effects on cognitive and

behavioural status of resident doctors due to extended single

stretch duty.2 In this study, the effect of consecutive extended

hours on call were studied in detail, evaluating the

deterioration in reaction time, concentration, memory and

behaviour in Paediatric medicine residents following a routine

6 hour duty and a 24 hour extended call.

Subjects and Methods

The comparative within subject cross-sectional study

was conducted at The Children's Hospital, Institute of Child

Health, Lahore, Pakistan from September 2007 to November

2008. Possible participants included all paediatric medicine

residents who had at least one year experience in the relevant

field and had worked for at least one month in their present

ward to minimize the effect of inexperience and new work

setup. Study was conducted at a single centre only in order to

minimize the confounding effects of different working

environments. Work routine included an extended call every

fourth day, dealing with indoor patients including a high

dependency unit. Out of 49 possible participants, 38 residents

volunteered. A sleep log was provided to confirm no

participant was having chronic sleep deprivation and a self

select sleep schedule allowing at least 8 hours uninterrupted

sleep on all nights other than the extended call nights was

followed. The sleep log was provided to all participants eight

days prior to their first evaluation to document self select sleep

schedule. Five residents were excluded as they were

performing additional duties elsewhere and chronic sleep

deprivation could not be ruled out. One resident, taking mood

stabilizing medication, was also excluded. All tests were

explained to participants a week prior to evaluation to limit the

effect of inexperience with the tasks. The participants were not

informed about the exact objective of the study to limit bias on

behalf of the residents while attempting the tasks. The

participants were restrained from taking caffeine or any other

CNS stimulant at least 6 hours prior to the evaluation.4

Evaluations were performed by a clinical psychologist (Author

AH) and senior registrar (Author AUQ) to remove observer

bias. Study was approved by the Institutional Review Board

and Medical Ethics Committee, Children's Hospital, Lahore.

Total number of patients under direct supervision and

number of sick patients requiring frequent monitoring during

the calls were recorded. Total number of procedures

performed, including endotracheal intubations, intravenous

access, chest intubations and various routine procedures were

recorded. The performance tests included Standardized

Number Connection Test A and B; recording mean

performance time for vigilance and hand-eye coordination,

performed twice in each set of tasks.5 Reaction time, through

computer generated programme recording response to a visual

stimulus (red spot turning to green) in milliseconds appearing

at 2 to 10 seconds random delays for 5 minutes duration

recorded mean response time and number of lapses in response

(Lapse was defined as an extremely long reaction time <500

milliseconds or a complete failure to respond to stimuli).6

Concentration test, calculating number of correct responses to

stimuli appearing on a computer generated programme in 5

minutes (A dot appearing randomly across a 10 x10 cm area on

monitor screen), evaluated sustained attention and Modified W.

Memory scale (WMS-R) evaluation was carried out for

immediate response (IR) and delayed response (DR) to set of

words and story passage verbally communicated to participants

in beginning of the test for evaluating logic memory and verbal

recall.7,8 STAXI immediate response (Trait Anger) was used to

evaluate anger intensity in participants for behavioural

changes.9 Trait Anger evaluates the overall behavioural pattern

over 24 hour duration. State Anger was not considered as it

represents the momentary state of behaviour and is affected

severely with immediate preceding events prior to the

evaluation and cannot represent the long term behavioural state

of the person.10 Likert's Scale for self assessment of the

participants including 7 point Performance Assessment, (1-

extremely good, to 4- fair, to 7- extremely poor) and 4 point

Effort Assessment (1- little effort required for task to 4-

extreme effort)2,7 were carried out. The whole battery of tasks

was performed twice: once after regular 6 hour call and then

post-24 hour long call (around 24-26 hour on call depending

upon availability of the resident for the test). Data was analyzed

through SPSS v.14 (SPSS Inc. Chicago, IL.). Chi squared test

was used for test of significance (two sided). Correlations were

established using Pearson's R or Spearman correlation as

applicable, with level of significance taken as p < 0.05.

Results

Thirty two paediatric medicine resident doctors (male

17, 53.1%; female 15, 46.9%) were enrolled in the study.

Twenty three doctors were doing fellowship while nine having

membership training. Their duties however, had identical
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structure and similar responsibilities. All the individuals were

performing duties 74 hours per week and none was involved

in any other part time job. The resident doctors were 25-33

years old (mean 27.53 ± 0.32 years) (Table-1). Age difference

was not significant between male and female residents

(p=0.1). The age difference was also not significant between

doctors in the two residency programmes (p=0.56). The

experience of resident doctors after graduation ranged

between 2-9 years (mean  3.69 ± 0.32 years) (Table-2).

Clinical experience of the residents did not significantly differ

with either gender (p=0.28) or residency programme (p=0.05).

The residents looked after fourteen patients (95% C.I. 13.56-

15.56) during a 6 hour duty with one sick patient requiring

intensive monitoring on average. They were responsible for

55 patients (95% C.I. 50.23-59.84) during a 24 hour duty with

an average of five sick patients. All participants had

significantly less sleep hours during the extended call, p<0.01.

Residents performed one procedure (95% C.I. 0.61-

1.39) during 6 hours duty and five procedures (95% C.I. 3.0-

6.6) during 24 hours call.

WMS memory evaluation using a story showed a

decrease in ability to retain short term memory after 24 hour

call by score of 1.81 (95% C.I 1.25-2.37), significantly lower

than after a 6 hour duty (p<0.001). WMS memory evaluation

using pair of words also showed decrease in scores for both

immediate (mean 1.28, 95% C.I. 0.86-1.7) and delayed

responses (mean 1.2, 95% C.I. 0.79-1.6) after a 24 hours call.

The response score was significantly lower after 24 hours call

than after 6 hours call (p<0.001).

Number connection test performed by the residents was

significantly slower after 24 hours call (mean 37.63 seconds,

95% C.I. 33.47-41.78 seconds) than 6 hours call (mean 28.29

seconds, 95% C.I 25.41-31.17 seconds), p<0.001.

Concentration test showed significantly fewer responses after

24 hours duty (mean 239.56, 95% C.I. 228-251.13) than 6 hour

duty (mean 258.94, 95% C.I. 247.42-270.46) in 5 minutes,

p<0.001. Reaction time was also significantly delayed among

the residents after a 24 hours call. Reaction time determined

after 6 hours call (mean 289.26 milliseconds, 95% C.I. 267.74-

310.78 milliseconds) increased significantly when determined

after 24 hours duty (mean 320.92 milliseconds, 95% C.I.

297.55-344.29 milliseconds), p<0.001. Number of lapses in

concentration during the 5 minutes test also increased

significantly. Mean difference of 3.69 lapses (95% CI 1.68-

5.69) was found between the two performances, (p=0.001).

Mean STAXI response score after 24 hours duty

(16.56, 95% CI 14.33 - 18.79) was significantly higher than

score after 6 hours (12.69, 95%CI 11.54 - 13.83), p=0.001.

Despite the significantly poor performance in all fields

including memory recall, concentration and reaction time, the

residents could not appreciate the deterioration in performance

as the Likert's self assessment score for performance only

differed by 0.63 (95% CI -0.12-1.37), p=0.1. The residents

while analyzing their performance did believe they had to put

in extra efforts to complete the tasks after 24 hours call than 6

hours duty. The Likert's self assessment score for effort

required to perform increased significantly by 1.22 (95% CI

0.43-2.01), p=0.004 (Table-3).

Only the duration of duty hours significantly

correlated with deterioration of performance in all fields

evaluated (p<0.001-0.008). Number of procedures performed
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Table-1: Age distribution and clinical experience

(in years) of male and female residents.

Male Female Difference

residents residents (p-value)

Mean age (years)

(95% CI) 28.19 (27.36-29.02) 26.88 (25.87-27.88) P=0.1

Mean clinical

experience (years)

(95% CI) 4.0 (3.19-4.80) 3.43 (2.37-4.50) P=0.56

Table-2: Age distribution and clinical experience (in years)

between FCPS and MCPS Program residents.

FCPS MCPS Difference

programme programme (p-value)

Mean age (years)

(95% CI) 27.48 (26.74-28.21) 27.67 (25.95-29.39) p=0.28

Mean clinical

experience (years)

(95% CI) 3.91 (3.14-4.68) 3.22 (1.9-4.54) p=0.56

Table-3: Performance comparison between two working

settings (6 hours and 24 hours calls).

Post 6hr call Post 24hr call

performance performance

Mean (± SE) Mean (± SE)

WMS story A,B

memory score 6.86 (± 2.14) 5.06 (± 1.71) p<0.001

WMS pair of words;

Immediate memory

response score 5.08 (± 1.05) 3.8 (± 1.23) p<0.001

WMS pair of words;

delayed memory

response score 4.7 (± 1.18) 3.5 (± 1.07) p<0.001

Number connection

test (sec) 28.29 (± 7.98) 37.63 (± 11.52) p<0.001

Concentration test

responses in 5 min 258.94 (± 31.95) 239.56 (± 32.07) p<0.001

Reaction time (msec) 289.26 (± 59.68) 320.92 (± 64.82) p<0.001

Mean STAXI score 12.69 (± 3.17) 16.56(± 6.1) p=0.001

Likert's self assessment

score (performance) 13.47 (± 2.01) 14.09 (± 2.39) p=0.1

Likert's self assessment

score (effort) 7.50 (± 1.93) 8.72 (± 2.23) p=0.004

Key: WMS=Wechslter Memory Seale, STAXI=Stata Trait Anger Anxiety Inventory.



only correlated significantly with deterioration in performance

at sustained concentration tasks, p=0.004. Age and duration of

clinical experience correlated significantly with lesser effort

required for performing tasks, p=0.04. Both these factors

however, did not correlate with deterioration in actual task

performance, p=0.12-0.89. Fellowship residents had

significantly better performance than membership residents in

memory tasks and lesser lapses, p=0.01-0.03. However, there

was no significant difference in rest of the tasks, p=0.2-0.9.

None of the other factors studied including gender (p= 0.13-

0.83), total number of patients under care or number of sick

patients under care (p=0.67-0.87) correlated significantly with

deterioration in performance of any specific task.

Discussion

Since the introduction of Accreditation Council for

Graduate Medical Education (ACGME) time schedule and

European Work Time Directive (EWTD), various studies have

been conducted to evaluate the effects of these changes.11 The

main aim of work hour restrictions was to improve quality of

life of residents and at the same time limiting fatigue

associated medical errors endangering patient care. The results

of subjective assessment regarding the residents' lives in some

studies following new work routines have generated a mixed

response. Most studies have shown an improvement in life of

the residents.1,12 A few studies have reported a different

response describing dissatisfaction and increased stress with

new routine amongst residents.13 However, the residents

included in assessment did long extended duties to save longer

weekends and the aim of limiting stress of extended work

hours could not take effect. Although they do not suffer from

chronic sleep deprivation, acute sleep loss appeared as a major

concern. Such routines result in same stress that occurred in

previous work hour routines.14

Vigilance and hand-eye coordination are most sensitive

to acute sleep loss as well as chronic partial sleep deprivation.2

Our study demonstrated significant deterioration in vigilance

and hand-eye coordination in Concentration Test while

randomly clicking on dots on monitor screen. Hand-eye

coordination for Number Connection Test task was also

significantly affected, taking mean 37.63 sec vs. 28.29 sec,

p<0.001. Various other studies conducted previously on resident

doctors and non resident professionals had similar results.15

Acute sleep loss affects performance significantly.4 Sustained

attention also deteriorates with acute sleep deprivation

especially at tasks requiring more than 3 minutes of attention. In

our study, acute sleep loss was documented in all participants

during extended calls. Sustained attention tested through

Number Connection Test and Concentration Test was also

significantly affected. Poor attention leads to medical errors in

daily practice. We used a battery of tests that globally assessed

all the traits required while performing a medical task instead of

detecting medical errors because the stratification of minor or

serious errors is very difficult. Moreover, they inherently

include observer bias and objective results may become difficult

to deduce. Various other studies showed similar deterioration in

sustained attention and thereby increasing the number of

medical errors after extended calls.16 One directly observed

study documented 35.9% more errors after an extended work

shift of more than 24 hours, p<0.001.17 These errors can very

often result in dire consequences. Although previously

anticipated, sleep loss resulting in errors is independent of type

of resident's specialty. The deterioration extends to all fields

including paediatrics, medicine and surgery. Twice the number

of errors in ECG reporting, simulated laparoscopic procedures

and percutaneous injuries have been documented following

extended work hours.18 Tackling this acute sleep deprivation is

tricky. Some experts have suggested inclusion of short naps

during extended calls. Such efforts have resulted in further

errors due to subsequent increased depth of sleep known as

sleep inertia. As a result of sleep inertia, there has been

documented increase in tendency to err on waking up.19

Another important cognitive function is the reaction time. It can

severely affect the decision making and complex data

processing.4 Reaction time was significantly increased in

residents (mean 320.92 msec vs. 289.26 msec, p<0.001) in our

study. Many other studies have shown a similar deterioration.

Number of lapses was also significantly increased with a

difference of 3.69 lapses in concentration every 5 minutes,

p<0.001, compounding the odds for further medical errors. This

finding was also similar to previous studies where significant

attention failures have been documented after extended calls.

These attention failures have resulted in grave medical errors

and vehicle accidents.11Memory recall is a significant cognitive

function required during daily medical practice. Memory was

severely affected in residents both in the area of logical memory

and verbal recall, p<0.001. Both of these are very important in

deducing inferences, decision making and carrying out orders.

These findings were in agreement with various other studies

evaluating memory functions.20

Behavioural status is also adversely affected due to

extended work hours. It translates into worsening patient

physician relationship. STAXI response was also significantly

higher in residents, mean 16.56 vs. 12.69, p=0.001. Stress of

extended duration of work was the most important factor

increasing anger trait score. This finding was supported by

previous studies including local data, showing improved patient

care and better patient dealing with lesser work hours.21,22

The difference in performance was not affected by

experience. This was in agreement with earlier studies

suggesting that residents do not adapt to extended long calls with

passing residency years.2 Performance was also not affected by

number of procedures performed or the number of patients under

direct care. It was against the proposed confounders by few

studies.3 Fellowship training residents had significantly better
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performance in memory traits than membership trainees

probably due to better cognitive abilities in the first place,

p=0.01-0.03. The deterioration in memory was still significant in

both groups after extended call. Self assessment scores were not

significantly different as the residents could not assess their

deteriorating performance with mean score difference 0.63,

p=0.1. This was a real noticeable finding as the residents were

not self aware of their cognitive and behavioural status

deterioration which can increase risks while managing the sick

patients. Self assessment has also been documented previously

to be affected by fatigue and sleep loss.23 Residents could

however feel that they had to put in significantly more effort

while performing tasks after extended call.

Small sample size and single centre study although

appear as a weak link in this study, it actually strengthens the

assessment. A very strict selection criteria was applied to

remove all confounding factors that may affect a person's

performance in a given setting, unavoidably limiting the

possible number of candidates and voluntary enrollment helped

in maintaining a real life like working setup. Similarly, single

centre setting removed all environmental factors like ambient

temperature, working relations, different working setup and

changing through specialties. Our study was randomized and

performance was compared within subject, conducted over a

whole year to minimize confounding factors like seasonal

variations, experience, personality traits and other factors

unrelated to the study. We believe the results are valid as the

actual objective of study was not disclosed to the residents.

Moreover, the self assessment consistently showed higher effort

for comparable or poor performance. It is unlikely that residents

could have titrated their performance so systematically.

Two important aspects of decreasing work hours of

residents include possible lesser training for residents and poor

patient care. Some studies had been suggesting that lesser

work hours may hamper the training by lesser number of

procedures.3 Although the number of procedures performed

was significantly low, but these were mostly unsupervised

emergency procedures, mostly endotracheal intubations.

Various methods have been devised to improve the post call

cognitive deterioration like using caffeine, ambient lights or

controlling the circadian misalignment.24-26 All these efforts

have met with little success and no widespread acceptance.

Multiple transfers of care and discontinuity in care to the

patients has been voiced but when compared to previous

routines, there was only one extra transfer of care per day. To

patients and their families, it may represent a marginal

change.27 Cross coverage errors have been suggested to be

minimized by sign out templates for uniform transfer of care

with an extra hour of overlap between shifts with significant

improvement. Recent audits have shown no deterioration in

patient care since the implication of new work routines in

terms of mortality rates,28 in fact, decreased work hours have

shown to improve patient care.21

Conclusion

Our study clearly points out the deterioration of

cognitive as well as behavioural functions of residents. All

these traits have a direct effect on patient management and

professional training. However, it was a single hospital study

and the results may not be applicable in wider generalization.

Multicentre trials are needed for further conformation of these

findings. Taking into consideration the responsibility of

optimal patient care services, it is imperative that residents

must be made aware of post extended call impairment in their

cognitive and behavioural skills as well as self assessment. It

can be potential risk to the patients as the residents are

unaware of their poor performance. Moreover, extended work

hours may be reduced as much as feasible in a developing

country like Pakistan so that residents may have improved

professional training as well as quality of life.
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