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Abstract
Objectives To analyse a potential association between
surgical quality and time of day.
Design A retrospective analysis of complete sets of
quality forms filled out by the procuring and accepting
surgeon on organs from deceased donors.
Setting Procurement procedures in the Netherlands
are organised per region. All procedures are performed
by an independent, dedicated procurement team that is
associated with an academic medical centre in the region.
Participants In 18 months’ time, 771 organs were
accepted and procured in The Netherlands. Of these,
17 organs were declined before transport and therefore
excluded. For the remaining 754 organs, 591 (78%) sets of
forms were completed (procurement and transplantation).
Baseline characteristics were comparable in both daytime
and evening/night-time with the exception of height
(p=0.003).
Primary outcome measure All complete sets of quality
forms were retrospectively analysed for the primary
outcome, procurement-related surgical injury. Organs were
categorised based on the starting time of the procurement
in either daytime (8:00–17:00) or evening/night-time
(17:00–8:00).
Results Out of 591 procured organs, 129 organs (22%)
were procured during daytime and 462 organs (78%)
during evening/night-time. The incidence of surgical
injury was significantly lower during daytime; 22 organs
(17%) compared with 126 organs (27%) procured during
evening/night-time (p=0.016). This association persists
when adjusted for confounders.
Conclusions This study shows an increased incidence of
procurement-related surgical injury in evening/night-time
procedures as compared with daytime. Time of day might
(in)directly influence surgical performance and should
be considered a potential risk factor for injury in organ
procurement procedures.

Introduction
Night shifts have been shown to pose a higher
risk for errors and self-injuries in several
medical settings.1–4 A negative effect of night
shifts might be caused by factors associated
with fatigue and circadian rhythm5 and
could also affect surgical performance. The

Strengths and limitations of this study
►► Quality of procurement is evaluated by two special-

ists; once by the procuring and once by the accepting surgeon. (+)
►► All procedures are performed by a dedicated, certified procurement team. This ensures a high standard of procurement quality. (+)
►► Selection bias in the timing of procurements is minimal because the planning is mainly logistical rather
than medical. (+)
►► Injury is evaluated in a categorical way (yes/no) to
analyse surgical performance in a broad sense. It
avoids a loss of detailed information but limits a subanalysis on injuries leading to discarding organs.
►► Conclusions may be limited by the number of procured organs. (−)

potential relation between timing of procedures and surgical performance is, however,
not clear. Studies have reported conflicting
results6–10 and timing of procedures might
therefore affect patients’ safety. The discussion on the topic has contributed to reforms
in working hours for surgical residents in the
USA as well as in Europe.
The lack of evidence for a causative relationship between fatigue-related factors and
inferior performance in surgery is interesting considering the extensive amount
of evidence in other fields.11 12 Although it
might hold true that surgical performance is
not affected by fatigue or time of day, it could
also be a consequence of an insufficiently
sensitive measurement of technical proficiency. To measure surgical performance, a
negative clinical outcome in patients would
be the most obvious endpoint. However, this
has some limitations. First, a clinical endpoint
might lead to a loss of detailed information
because only severe intraoperative injuries
are likely recognised for their clinical impact
while minor injuries might be missed. Second,
it is difficult to relate a specific surgical injury
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to a particular negative outcome in a patient because
not all intraoperative injuries are noticed and negative
outcomes are multifactorial and complex. A potential
(minor) effect of time of day on surgical performance
might therefore not be noticed when solely focusing on
clinical outcome measures.
The Dutch digital feedback system on the quality of
organ procurement offers an opportunity to analyse
surgical performance in detail. We have previously analysed this dataset on procurement-related surgical injuries
and found a high incidence of non-critical injuries. We
did not find a significant difference between the non-critically injured and intact organs for 1-year graft survival.13
In this study, surgical injury is considered as a sensitive
proxy of surgical performance. We hypothesise that a
relationship is present between surgical performance and
time of day.

Methods
Data
We obtained data from the Dutch Transplant Foundation on quality forms filled out from March 2012 until
September 2013. It comprises two forms on each individual abdominal organ that is procured and accepted in
The Netherlands. One form is filled out by the procuring
surgeon after procurement and concurred or commented
on by the accepting surgeon in the second form. Detailed
information is registered on packaging, perfusion (time/
volume/fluid), anatomy and possible injury of vessels or
organs. In case of a discrepancy between the procuring
and accepting surgeons, remarks of the accepting
surgeon were considered leading. Pancreata procured
for islet isolation and organs that were declined before
transportation to the accepting centre were excluded.
No ethical statement was required according to national
ethical guidelines.
Patient and public involvement
Patients were not involved in the development of the
research question or in the design of the study.
Statistical analysis
We accepted the time of cross-clamping the aorta and
start of the cold perfusion as starting time of the procedure. For donation after circulatory determination of
death (DCD), this is almost at the same time, but for
donation after determination of brain death (DBD), this
usually is 1–2 hours after skin incision. Vascular anatomy
of organs was considered to be ‘normal’ for kidneys when
a single artery and vein were observed. For livers and
pancreata from the same donor, anatomy was considered
normal according to the variable normal arterial anatomy
(yes/no) in the liver quality form. In case information on
the vascular anatomy was missing, it was considered to
be normal (n=3, 0.5%). All organs were categorised in
two groups: daytime (when procured between 8:00 and
17:00) or evening/night-time (when procured between
2

17:00 and 8:00). The incidence of injury was dichotomised (yes/no) and compared between both groups
using univariate logistic regression with time of day as
sole covariate. The analyses were adjusted for potential
confounders, statistically significant in univariate analyses, and for known confounders reported in the literature. These factors include Body Mass Index (BMI) and
donor type (DCD or DBD).13–16
The relationship between injury and starting time of
the procedure was visualised as a log OR on a continuous
24 hours’ scale by using splines regression. To correct for
a possible correlation of injury within donor procedures,
sandwich estimators of the SEs were used. A p value
of <0.05 was considered statistically significant and analyses were performed with SPSS V.22.0 and R V.2.3.3.

Results
During the study period, 771 organs were accepted for
transplantation, of which 17 (5 livers, 8 pancreata and 4
kidneys) were declined during procurement and subsequently not transported. For all 754 accepted and transported organs, 591 forms were completed (591/754,
78%) on 133 livers (23%), 38 pancreata (6%) and 420
kidneys (71%). Response rates per organ were respectively 87%, 90% and 75%. There were 148 (148/591, 25%)
organs with reported injuries; 36 livers (36/133, 27%),
10 pancreata (10/38, 26%) and 102 kidneys (102/420,
24%). Of all injured organs, 12 (2%) were discarded
because of this surgical injury; 1/133 (0.8%) liver, 5/38
(13%) pancreata and 6/420 (1.4%) kidneys (p<0.001).
Daytime and night-time operating hours
With the exception of donor height (p=0.003), organs
were comparable in demographical characteristics in the
daytime and evening/night-time groups in univariate
analysis as shown in table 1.
Volume-related regional effects that may also impact
the risk of surgical injury13 were not significantly different
between both groups (data not shown). During daytime,
129 of 591 organs (22%) were procured and 462 organs
(78%) were procured during evening/night-time. There
were fewer organ injuries during daytime procurements
compared with evening/night-time, respectively; 22
organs (17%) and 126 organs (27%) (p=0.016). In the
full adjusted model, evening/night-time procedures
remained an independent factor associated with injury
(p=0.029). Of all critically injured organs, 7 out of 12
(60%) were procured in evening/night-time as compared
with 5 out of 12 organs in daytime. The distribution of
critical injuries (online supplementary table S1) seems
therefore to correspond with the distribution of procurements (online supplementary figure S1).
Circadian points
Figure 1 shows the increased risk of injury for procedures
that start in evening/night-time. The highest risk of organ
de Boer J, et al. BMJ Open 2018;8:e022182. doi:10.1136/bmjopen-2018-022182
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Table 1 Demographics of the study population (n=591) (only height is different between the two groups (p=0.003))
Daytime (8:00–17:00), n=129

Evening and night-time (17:00–8:00), n=462

Mean (SD)

Median

Range

Mean (SD)

Median

Range

P values

Age
Height

51.8 (15.3)
177.4 (7.1)

55
180

14–76
161–198

52.2 (15.6)
174.8 (9.4)

55
175

10–78
140–200

0.772
0.003

Weight

76.6 (13.4)

78

52–120

76.6 (15.1)

77

35–150

0.996

BMI

24.3 (3.6)

24.0

17.6–34.7

25.0 (4.1)

24.7

12.5–46.3

0.080

n (%)

n (%)

 Male

75 (58)

256 (55)

 Female

54 (42)

206 (45)

 DBD

69 (53)

210 (45)

 DCD
Aberrant anatomy

60 (47)
32 (17)

252 (55)
129 (28)

Sex
0.581

Donor type
0.106
0.458

BMI, Body Mass Index; DBD, determination of brain death; DCD, determination of death.
n represents the number of procured organs.
P-values <0.05 are in bold.

injury was for procedures starting around 21:00, the
lowest risk for procedures starting around 12:00 (noon).
Discussion
This study shows a relationship between surgical performance and the starting time of the procurement procedure. A higher incidence of surgical injury is observed
during evening/night-time procedures as compared
with daytime procedures. This association persists when
adjusted for important confounders.
The relation between surgical performance and timing
of surgical procedures is often highly confounded.
Patients have more complicated and/or acute problems

Figure 1 Relationship between starting time of the cold
perfusion of the aorta and risk of injury.
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during the night.17 Also, access to imaging and laboratory
testing as well as specialised operating room (OR) nurses
and anaesthesiologists might be less available during
night-time.13 The study population of this study, abdominal organs from deceased donors, eliminates several of
these confounders. Most procedures can generally be
scheduled within 6–24 hours regardless of the cause of
brain death because these patients are usually haemodynamically stable. A higher number of procurement
procedures during evening/night-time therefore seem to
reflect issues with OR availability during the day rather
than an abundance of emergency procedures. Second,
abdominal organ procurement is well organised in The
Netherlands; each subregion has a 24/7 availability of
a self-supporting, certified organ procurement team.
Such a team includes, both during daytime and evening/
night-time procedures, two dedicated nurses, a dedicated
anaesthesiologist and two surgeons, of whom at least
one is certified for procurement procedures according
to the national guidelines. This includes the European
Society for Organ Transplantation procurement e-course,
a minimum of 10 multiorgan procurement procedures
followed by an examination by a non-regional procurement surgeon. The certified surgeons are then members
of the regional dedicated procurement teams that operate
on a 24-hour basis and are not involved in other clinical
activities while on duty. The extensive training to become
certified and the absence of other clinical activities when
on call ensure a high quality of organ procurement and
eliminates a major variance in operating staff. In addition, differences in hospital facilities (local vs academical)
should be minimal because the teams are self-reliant and
bring own standard supplies for the procedure. In our
opinion, this offers a unique setting.
3
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Another strength of this study is the very small difference
in baseline characteristics of the daytime and evening/nighttime groups. Donor characteristics described to be associated with procurement-related injury in kidney,14 liver16 and
pancreas15 procurement procedures (such as donor age, DCD
donor type, BMI, aberrant anatomy and male gender) were
not significantly different. Only donor height was different
between both groups, and so far this factor has not been
described to influence the risk of organ injury. The similarity
between both groups is likely associated with the planning of
procedures, independent of donor characteristics and solely
dependent of OR availability. Other relevant variables can
therefore be assumed to be equal in both groups since they
do not affect or are not affected by the starting time of procedures. This includes non-measured donor-associated characteristics, for example previous abdominal surgery, as well as
potential differences in reporting injuries when organs were
procured by surgeons from the same transplant unit as the
transplanting team. Factors that might have been different
and might have influenced our results include volume-related regional effects as previously described.13 The ratio
between regions for daytime and evening/night-time procedures was however not different (data not shown).
In this study, we evaluated all surgical injury in a strict
dichotomous way (yes/no) to analyse surgical performance
in a broad sense and to avoid a loss of detailed information.
In further studies, it could be of relevance to further specify
the definition, type and impact of injury. In the current
data for example, the number of critical injuries—leading
to discarding of the organ (n=12)—is insufficient for an
adequate comparison in daytime and evening/night-time
groups.
A limitation of this study is the response rate for complete
sets of forms of 80%; a higher response rate might have led
to a higher reported number of (critical) injuries. Although
the response rate could have been better, it is to be noted
that the current response rate concerns organs on which two
forms are digitally filled out by two independent surgeons.
This two-way registration can be considered to be precise
and objective.
Our results are in accordance with (non-surgical) medical
studies that report a negative relation between evening/
night-time or fatigue-related factors and performance, a
higher rate of self-injuries among residents3 and a decreased
proficiency in surgical simulations after night shifts.8 These
results are conflicting with large surgical database studies
that show no difference in conversion rates during cholecystectomy or outcome in patients like the occurrence
of serious adverse events.6 18 Rothschild et al, on the other
hand, found an increased rate of complications during post
night-time surgical procedures performed by physicians
with sleep opportunities of less than 6 hours.10 A study on
liver transplantation found that surgical procedures during
night-time took longer and were associated with a higher
risk of early death, although without any effect on perioperative complications or long-term survival.19 Also in kidney
transplantation, more perioperative complications20 but less
technical graft failure21 were seen in night-time procedures.
4

The latter did not take into account a difference in surgical
experience between daytime and night-time procedures;
night-time procedures are rather performed by consulting
surgeons as compared with daytime procedures that are
usually performed by (supervised) surgical residents. In the
current study, however, all procedures were performed by
the same group of dedicated surgeons and teams.
These studies seem to report contradictory findings
between short-term or non-patient outcomes on the one
hand and long-term outcome in patients. This observation is reflected in our data; we noticed a higher incidence of surgical injuries during night-time (this study)
but no difference in 1-year graft survival between injured
and intact organs in a previous analysis of the same
cohort.13 This indicates that the pathway leading to a
negative outcome in surgical patients is complex and
multifactorial, and only the most severe surgical injuries
might result in clinically measurable negative outcome.
To find a significant difference in outcome in patients
that can be related to the timing of procedures or ‘fitness’
of surgeons, higher numbers are probably needed. This
study can therefore only assess (technical) surgical
performance.
The increased injury rates during evening/night-time
operating hours may indicate that surgical performance
is affected by time of day. The aetiology of this association
is however not yet clear. The negative effect of evening/
night-time procedures suggests an effect of fatigue-related factors. Fatigue was however not measured in this
study and should theoretically play a smaller role because
procurement teams can rest between procedures and
do not participate in other clinical activities when on
call. Other mechanisms might however contribute; the
surgical injury pattern in this study shows, for example,
a remarkable resemblance with circadian rhythm and
associated biological hormone levels as observed in chronobiology.22 To further identify the mechanism behind
the higher injury rate during evening/night-time, it will
be essential to objectively measure the surgeon’s fitness
before and after procurement. Current research on
the validation and clinical application of such a ‘Fit to
Perform’ test is ongoing.23 It might give an objective tool
to evaluate the relation between the fitness of a surgeon
and his surgical performance.
We believe this study shows that evening/night-time
procedures might present a suboptimal setting for
organ procurement. Although the causal pathway is not
yet clear, our results do suggest that time of day should
be taken into account to optimise the quality of organ
procurement. Theoretically, transplantations in the
evening/night-time may also be related to a higher risk
of complications. If so, this poses a dilemma because the
timing of the procurement also affects the timing of the
transplantation. Although a higher risk of complications
in transplantations during the evening/night-time has
not been described, it seems best to perform the procurement early in the morning. In such a way, it is still possible
to subsequently start the transplantation operation that
de Boer J, et al. BMJ Open 2018;8:e022182. doi:10.1136/bmjopen-2018-022182
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same afternoon. Timing may even be of relevance for
other surgical procedures. This would mean that, in the
absence of acute pathology, surgeries should be preferably performed during daytime.

Conclusion
This study shows an increased incidence of surgical injury in
organ procurement procedures during evening/night-time,
as compared with daytime. Time of day might (in)directly
influence surgical performance and should be considered a
potential risk factor for injury in organ procurements.
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