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Abstract

Background This study aimed to identify the frequency
of events in the different patient safety risk domains during
minimally invasive surgery (MIS) and conventional sur-
gery (CS).

Methods A convenience sample of gynecologic MIS and
CS was observed. Events were observed and categorized
into one of the predefined patient safety risk domains.
Results A total of 53 procedures were observed: 26 CS
and 27 MIS procedures. The general characteristics were
comparable between the two groups. A large number of
environmental events were observed, averaging one every
2.5 min. Technical events and events of an organizational
nature occurred more often in MIS (P < 0.01) than in CS
(P < 0.01). The relative risk for the occurrence of one or
more technical events in MIS compared with CS was 1.7,
and the risk for two or more technical events was 4.1. A
time out according to protocol showed no relationship to
the occurrence of the different types of patient safety-
related events.

Conclusion The technological complexity inherent in
MIS makes this type of surgery more prone to technology-
related problems than CS, even in a specially designed
minimally invasive surgical suite. A regular time-out pro-
cedure developed for CS lacks the attention necessary for
the complex technology used in MIS and therefore is
insufficient for MIS procedures briefing. Incorporating a
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specially designed technology checklist in a regular brief-
ing protocol could be a solution to decrease the number of
events in MIS.

Keywords Minimally invasive surgery - Patient safety -
Risk factor - Safety - Surgery - Systems approach

Ever since the Harvard medical practice study and the
report by the Institute of Medicine (IOM), To Err Is
Human: Building a Safer Health System, that followed it,
patient safety has become a major focus of improvement in
health care. As is widely known, an estimate stated by the
IOM alleged that 44,000-98,000 patients die every year in
the United States due to medical errors [1].

In the Netherlands, the results of a national study
assessing the number of hospital adverse events were
presented in 2007. This study showed that 5.7% of
1.3 million patients admitted in 2004 encountered an
adverse event. For 40% of these patients, the adverse event
probably could have been prevented [2]. This high per-
centage of preventability is confirmed in a systematic
review [3] including eight studies with a total of 74,485
patients. The median incidence of hospital adverse events
reported in this study was 9.2%, and the median percentage
of preventability was reported to be 43.5%. Of these hos-
pital adverse events, 39.6% were operating room (OR)
related.

In 2007, the report by the Dutch inspectorate of health
care [4] emphasized that the complexity of minimally
invasive surgery (MIS) further increases risks in patient
safety. However, the mechanism whereby patient safety in
MIS is more compromised than in conventional surgery
(CS) remains unclear. To understand this mechanism,
differences in patient safety between the two types of
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Fig. 1 Framework of risk
domains explaining patient
safety in surgery according to a

Input

systems approach

* Surgical team

e Social interaction

* Technology

* Organizational factors
¢ Safeguarding system
¢ Environmental factors

Risk domains influenceable by policy

Output

Measurable quality parameters

* Performed surgery

¢ Intraoperative complications
¢ Postoperative complications
* Amount of bloodloss

¢ Procedure time

e Patient characteristics
e Complexity of surgery

Risk domains not influenceable by policy

surgery should be investigated according to the systems
approach. This approach to quality and safety in surgery is
required to obtain insight into causes of errors and has a
much larger effect on patient safety than the person
approach [5].

Several important studies have suggested frameworks of
factors that influence patient safety based on the systems
approach [6-8]. These frameworks were adapted to explain
patient safety during surgery in terms of several risk
domains and measurable quality outcome parameters
(Fig. 1). This observational study aimed to identify dif-
ferences in patient safety risk factors between MIS and CS
according to the systems approach.

Material and methods
Case selection

A convenience sample of gynecologic MIS and CS per-
formed at the Leiden University Medical Center, the
Netherlands, was observed. During the study, CS per-
formed in an OR with regular OR settings was observed.
Only MIS procedures performed in minimally invasive
surgical suites especially designed for laparoscopy (in this
case, OR-1, Karl Storz) were included because these suites
were especially designed to facilitate MIS [9, 10].

In this study, MIS comprised only laparoscopies and
was stratified based on the level of difficulty according to
the guidelines of the Royal College of Obstetricians and
Gynecologists (RCOG) [11]. The RCOG levels range
from level 1 procedures, which are basic laparoscopic

procedures (e.g., diagnostic laparoscopy and sterilization),
to level 3 procedures, which are advanced laparoscopic
procedures (e.g., total laparoscopic hysterectomy). The
procedures that could not be classified as MIS were cate-
gorized as CS.

Categorization system

The adapted framework, which explains patient safety in
terms of several risk domains and measurable quality
outcome parameters (Fig. 1), was the basis for the obser-
vations in this study. For an objective assessment of the
risk domains in the framework, every risk domain should
be quantified. This quantification and further categorization
of the observations is explained in Table 1.

The categorization was tested in a pilot study during a
period of 3 weeks. During this pilot study, random gyne-
cologic surgical procedures were observed according to the
categorization. After every procedure, individual surgical
team members evaluated the procedure with the researcher
to determine the feasibility of the categorization.

Next, the categorization was critically reviewed for
clinical relevance and completeness by a board of three
independent experts (all authorities in the field of patient
safety and MIS representing the department of surgery,
gynecology, and patient safety in general). The final cate-
gorization system, shown in Table 1, comprised a number
of risk domains that had to be quantified during the
observations (e.g., social interaction, technology, safe-
guarding system, organization, and environment). This was
achieved by observing the number of events that could be
categorized in these risk domains.
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Table 1 Framework to which observations are categorized

Risk domain

Influencing factor

Observation (quantity)

Input

Surgical team

Social
interaction

Technology

Organization

Safeguarding
system

Environment

Patient
characteristics

Complexity of
surgery

Output

Performed
procedure

Intraoperative
complication

Postoperative
complication

Blood loss

Procedure time

Knowledge and
experience of
individual team
member

Verbal and nonverbal
communication

Teamwork

Availability and
functioning of
equipment and
instruments

Staffing and planning

Auvailability of
recourses

Compliance of
policies adapted for
patient safety

Case-irrelevant
disturbing factors

Condition of the
patient

Difficulty level of the
surgery

Experience of every
individual team member
defined as the estimated
number of similar
procedures previously
performed

Events concerning verbal
miscommunication

Events concerning
teamwork

Events concerning the
presence or correct
positioning of
instruments or
equipment

Events concerning the
functioning of
instruments or
equipment

Adequate scheduling

Adequate staffing

Availability of supplies

Availability of
technological items

Correct execution of the
time-out procedure

Door movements

Telephone calls

Pager calls

Radio use

Case-irrelevant
conversation

ASA score

BMI

MIS: type of procedure

that can be categorized
in RCOG levels

CS: type of procedure

Was the procedure
performed as intended?

Did intraoperative
complications occur?
Postoperative
complications up to
6 weeks afterward
Amount of blood loss
Total observational and

intraoperative procedure
time

ASA American society of anesthesiologists; BMI body mass index;
MIS minimally invasive surgery; RCOG Royal college of obstetricians
and gynecologists; CS conventional surgery
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Events

Events were defined as occurrences that potentially
increase risks and thus compromise patient safety, either
directly or indirectly.

Observations

Observation of events during a surgical procedure started
with the time out and ended when the last suture was
placed. The total observational time (from time out until
the last suture) and the total procedure time (from first
incisions until last suture) were recorded. Furthermore, the
risk domains not quantified by events and the other out-
come parameters of the procedure were recorded as defined
in Table 1.

Data collection

Data collection was performed by an independent observer
who had not been involved in the development of the
categorization to ensure objective assessment of the risk
domains. This observer was required to have ample
knowledge of medical processes but no knowledge of the
specific procedures that had to be observed. Therefore, a
medical student with 4 years of medical training was
selected to be the observer.

The observer attended gynecologic surgical procedures
during a training period of 3 weeks before the study to
obtain familiarity with these procedures. During this per-
iod, the observer learned to recognize deviations from
standard procedure as events and to code events according
to the categorization.

Data analysis

All data were analyzed with the SPSS 16.0 software
package (SPSS, Chicago, IL, USA). Differences in fre-
quency of events, experience of surgical team members,
and length of surgery between MIS and CS were assessed
with the independent samples #-test. Differences in cate-
gorical data (e.g., patient characteristics) were assessed
with the chi-square test.

Results
General characteristics

A total of 53 procedures were observed: 26 CS and 27 MIS
procedures. The CS comprised 5 laparotomies for a benign
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indication, 5 laparotomies for a malignant indication, 9
vaginal hysterectomies including 4 combined with prolapse
surgery, 6 vulva surgeries, and 1 cervical procedure. The
MIS comprised 10 RCOG level 1 procedures, 11 level two
procedures, and 6 level three procedures.

Both the mean total observational time and the mean
total procedure time were comparable between MIS (1 h
29 min vs. 1 h 52 min) and CS (1 h 19 min vs. 1 h
44 min). The mean experience of the surgical team mem-
bers did not differ between MIS and CS. The body mass
indexes (BMI) and the American society of anesthesiology
(ASA) scores of the patients were both comparable
between MIS and CS (Table 2).

Events

The total counts of observed events are displayed in
Table 2. Between 75 and 100% of the events occurred
intraoperatively, as illustrated in Fig. 2. The greatest
number of observed events were categorized under envi-
ronment (MIS 90% vs. CS 97%). Of these events, door
movements were observed most: MIS 81% (n = 925)
versus CS 80% (n = 1,275). All observed events were
checked for a correlation with the length of surgery, which
was found for telephone calls (R* = 0.71) and door
movements (R2 = 0.74). One door movement occurred
every 154 s in MIS compared with one every 140 s in CS,
and one telephone call occurred every 20 min in both MIS
and CS. All environmental events combined showed an
average of one event observed every 125 s during MIS and
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Fig. 2 Total counts of observed events in minimally invasive surgery
(MIS) and conventional surgery (CS). The striped part represents the
share of events that occurred pre- or postoperatively, and the white
part represents the share of events that occurred intraoperatively

one observed every 111 s during CS. Of these observed
environmental events, 8.8% were noted as disturbing by
the surgeon in MIS compared with 17.6% in CS.

MIS versus CS
The comparative frequencies of the different types of

events in MIS and CS showed no difference between
environmental and social events except for disturbance of

Table 2 Count of events during

the total observational time MIS (n = 27) CS (n = 26) Total - MIS vs CS
Count Max Mean Count Max Mean P value
count count
Environmental
Total 1,145 114 048" 1,594 208 0.54* 2739 NS
Door movements 925 90 0.39* 1,275 174 0.43* 1812 NS
Telephone 112 11 0.05% 165 28 0.05* 268 NS
Beeper 41 8 1.52 77 13 2.96 118 NS
MIS minimally invasive Radio 9 2 0.33 20 0.77 29  <0.01
surgery; CS conventional Case-irrelevant conversation 58 11 2.15 57 2.19 115 NS
surgery; Count total count of all Technical
procedures; Max count highest Total 60 8 256 18 3 069 87 <001
count reached during one .
procedure; Mean per procedure Equipment 45 6 1.67 11 0.42 56 <0.01
(count divided by number of Instruments 24 2 0.89 7 3 0.12 31 <0.01
procedures) if no correlation Social
was found between count and Total B9 159 27 104 70 NS
procedure time; NS not
significant Communication 34 7 1.26 22 0.85 56 NS
* Per minute if a correlation Teamwork 9 2 0.33 5 0.19 14 NS
was found between count and Organizational
procedure time (COLlI’lt lelded Total 13 3 0.48 0 0 0.00 13 <0.01

by procedure time)
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the radio, which was noted more often during CS
(P < 0.01). Technical events and events of an organiza-
tional nature occurred more often during MIS (P < 0.01)
than during CS (P < 0.01) (Table 2).

Among all the events of a technical nature observed
during MIS, 49% (n = 34) were problems with the posi-
tioning of equipment or instruments. Problems with the
functioning of equipment or instruments accounted for
28% of these events (n = 19).

In CS, 33% (n = 6) of the observed events of a tech-
nical nature were positional and 28% (n = 5) were prob-
lems with functioning. Among the 13 problems of an
organizational nature observed during MIS, 8 involved the
unavailability of instruments at the time of surgery. The
other organizational problems were a result of inadequate
staffing.

Relative risk

The relative risk calculated for the occurrence of one or
more events of a technical nature in MIS compared with
CS was 1.7. The relative risk of having two or more
technical problems during MIS versus CS was 4.1. For
organizational problems, the relative risk could not be
calculated because none occurred during CS.

Time out

The time-out protocol used in the observed clinic was
similar to the time-out protocol developed by the World
Health Organization (WHO) [12]. In 74% of the MIS
procedures, the time out proceeded according to this pro-
tocol compared with 50% of the CS procedures. One MIS
procedure and five CS procedures had no time out at all.
However, no relation between a time-out procedure
according to the protocol and the occurrence of different
types of patient safety-related events was observed.

Discussion

Differences in patient safety-related events between CS
and MIS can be explained by the use of advanced tech-
nology as an essential part of MIS. This is consistent with
the statement made by the Dutch Inspectorate of health
care that the (technical) complexity of MIS further
increases risks in patient safety compared with CS. A
previous study has already shown that a great number of
technical events tend to occur during laparoscopic proce-
dures. In fact, in 87% (26 of 30) of the observed laparo-
scopic procedures, one or more incidents with technical
equipment (n = 46) or instruments (n = 9) occurred [13].

@ Springer

Surgeons may be aware of the implications of new
technology for patient safety. However, to our knowledge,
the consequences of technology for events that occur in the
OR have never been described. Our data show that the
majority of the organizational events (62%) also were
technology related. More specifically, they were related to
the preparation for the technological aspect of MIS
(missing instruments or equipment). Altogether, it appears
to be particularly the advanced technology added to sur-
gery that hinders patient safety in MIS compared with CS.

Although studies prove that general briefing checklists
reduce morbidity and mortality in surgery [12, 14], the
results of the current study suggest that for MIS a different
approach is required. The fact that a time out according to
protocol is not correlated with a lower frequency of events
leads us to speculate that a general briefing procedure such
as the WHO checklist is insufficient for the preparation for
MIS.

Because the most important difference in events
between MIS and CS is in the frequency of technology-
related events, more attention is needed for technology
during the briefing. An adequate solution already shown to
reduce the number of technical events in MIS is the use of
a standardized checklist especially designed for MIS [15].
Such a checklist could be incorporated into the general
WHO briefing for MIS cases.

In the current study, an astonishing number of envi-
ronmental events occurred about every 2 min in both MIS
and CS. These events consisted primarily of door move-
ments (one very 2.5 min) with the potential risk of surgi-
cal-site infections.

High frequencies of door movements have been reported
previously, namely, 13-316 times per surgery (5-87 per
recorded hour) [16]. Similar to the findings of the current
study, the observed door movements increased in direct
proportion to the length of surgery and also were related to
the number of persons in the OR. It is remarkable that the
bulk of environmental events were not observed to be
disturbing or distracting to the senior surgeon because
8.8% of all the observed environmental events combined
were disturbing in MIS compared with 17.6% in CS. The
reason for this could be that experienced surgeons have
learned to block distracting events and remain concentrated
[17] and that most environmental events do not occur
during critical moments.

However, the effect of environmental events should not
be underestimated. Especially the performance of inexpe-
rienced surgeons or residents could be influenced by dis-
traction, as shown in a previous study [18].

Findings have shown that social factors such as com-
munication and teamwork are important risk factors in
patient safety. In fact, optimizing teamwork to reduce error
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stands as the basis of a whole new era of research: crew
resource management.

Communication difficulties previously have been
reported to occur in approximately 30% of team exchanges
[19]. About one third of the communication failures
resulted in visible effects that could influence patient safety
[20]. In the current study, however, the frequency of the
observed social events was very low compared with that
described in previous reports. The most obvious reason
could be an underestimation of the true quantity of these
events. The previously published studies focused only on
communication (or teamwork) events, also reporting small
social mishaps, whereas the current study focused also on
technical, organizational, and environmental events. The
social events reported in this study needed to be promi-
nently present and therefore more prone to influence safety
than small social mishaps, which might not have had any
influence at all. Furthermore, because observations of both
MIS and CS were done by the same observer, a comparable
(under)estimation is to be expected for both types of sur-
gery, and a relative comparison remains possible. Hence, it
can be stated that is no difference exists in the number of
observed events of a social nature between MIS and CS.

Another observational study investigated different types
of surgical flow disruptions during cardiac surgery, show-
ing that the greatest number of observed surgical flow
disruptions were of a social nature (52%) [21]. This is in
contrast to our observations in MIS, indicating that the
highest percentage of events are disturbing environmental
events (44.7%), followed by events of a technical nature
(30.5%). Events of a social nature accounted for only 19%
of the observed events. In CS, the highest percentage of
observed events were disturbing environmental events
(86.2%) followed by events of a social nature (8.3%).
Technical events during cardiac surgery accounted for
5.5% of the events. Hence, the outcome is highly procedure
dependent.

A pitfall of all observational studies is observational bias.
We attempted to reduce observational bias by selecting an
independent researcher to perform the observations. Ideally,
more than one observer should have observed all proce-
dures to test for interrater agreement. However, this would
have crowded the OR because the observations were done
in an academic hospital where professionals in training
(students, nurses, interns, and residents) also attend surgical
procedures, and more observers would not have been in the
interest of patient safety. Furthermore, it is well recognized
that the Hawthorne effect (awareness of being observed
alters the way a person behaves) [22] takes place. Taking
this into consideration, the most accurate method for per-
forming observations of surgical procedures probably is
with some sort of black box in which video and audio
recordings are made. With this approach, less influence of

the Hawthorne effect and multiple independent observa-
tions would be possible.

Conclusion

A large number of events have been observed during both
MIS and CS. The technological complexity inherent in
MIS makes this type of surgery more prone to technology-
related events than CS, even in a specially designed min-
imally invasive surgical suite. A regular time-out procedure
as used for CS lacks the necessary attention for the com-
plex technology used in MIS and is therefore insufficient
for MIS procedures briefing. Incorporating a specially
designed technology checklist into a regular briefing pro-
tocol could be a solution to decrease the number of events
in MIS.
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