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ABSTRACT

BACKGROUND

Adverse events in patients who have undergone surgery constitute a large proportion
of iatrogenic illnesses. Most surgical safety interventions have focused on the operat-
ing room. Since more than half of all surgical errors occur outside the operating
room, it is likely that a more substantial improvement in outcomes can be achieved
by targeting the entire surgical pathway.

METHODS

We examined the effects on patient outcomes of a comprehensive, multidisciplinary
surgical safety checklist, including items such as medication, marking of the op-
erative side, and use of postoperative instructions. The checklist was implemented
in six hospitals with high standards of care. All complications occurring during
admission were documented prospectively. We compared the rate of complications
during a baseline period of 3 months with the rate during a 3-month period after
implementation of the checklist, while accounting for potential confounders. Simi-
lar data were collected from a control group of five hospitals.

RESULTS

In a comparison of 3760 patients observed before implementation of the checklist
with 3820 patients observed after implementation, the total number of complica-
tions per 100 patients decreased from 27.3 (95% confidence interval [CI], 25.9 to 28.7)
to 16.7 (95% CI, 15.6 to 17.9), for an absolute risk reduction of 10.6 (95% CI, 8.7 to 12.4).
The proportion of patients with one or more complications decreased from 15.4%
to 10.6% (P<0.001). In-hospital mortality decreased from 1.5% (95% CI, 1.2 to 2.0) to
0.8% (95% CI, 0.6 to 1.1), for an absolute risk reduction of 0.7 percentage points
(95% CI, 0.2 to 1.2). Outcomes did not change in the control hospitals.

CONCLUSIONS
Implementation of this comprehensive checklist was associated with a reduction in
surgical complications and mortality in hospitals with a high standard of care.
(Netherlands Trial Register number, NTR1943.)
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OSPITALS ARE NOT THE SAFE PLACES
we would like them to be. A systematic
review has shown that 1 in every 150 pa-
tients admitted to a hospital dies as a conse-
quence of an adverse event and that almost two
thirds of in-hospital events are associated with
surgical care.! In recognition of the dispropor-
tionate number of such events that are associat-
ed with surgical care, several interventions have
been proposed to increase patient safety, includ-
ing relegating surgical procedures to high-volume
centers, establishing training programs for lap-
aroscopic surgery, and improving the quality of
teamwork in the operating room.?* In addi-
tion, a number of surgical checklists have been
developed.>®
The Safe Surgery Saves Lives Study Group at
the World Health Organization (WHO) recently
published the results of instituting a perioperative
surgical safety checklist.> The use of this check-
list in eight hospitals around the world was as-
sociated with a reduction in major complications
from 11.0% before introduction of the checklist
to 7.0% afterward. However, the standardization
of surgical processes should not be limited to the
operating room: several studies have shown that
the majority of surgical errors (53 to 70%) occur
outside the operating room, before or after sur-
gery, making it likely that a more substantial im-
provement in safety could be achieved by target-
ing the entire surgical pathway.1°-12
This awareness has led to the development of
the Surgical Patient Safety System (SURPASS)
checklist, a multidisciplinary checklist that fol-
lows the surgical pathway from admission to dis-
charge. We evaluated the effect of the use of this
checklist on patient outcomes in a controlled,
multicenter setting in teaching and academic hos-
pitals with high baseline standards of health care.

METHODS

CHECKLIST AND STUDY DESIGN

The development and validation of the checklist
have been described elsewhere.1® The checklist is
divided into parts that correspond to the stages
of care in the surgical pathway (preoperative, op-
erative, recovery or intensive care, and postop-
erative), and it is multidisciplinary — the ward
doctor, nurse, surgeon, anesthesiologist, and op-
erating assistant are all responsible for comple-
tion of parts of the checklist. Items on the check-
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list include, among others, a review of imaging
studies, an accounting of all necessary equipment
and materials, the marking of the patient’s op-
erative side, the hand-off of postoperative instruc-
tions, and the provision of medication prescrip-
tions to the patient at discharge (for details, see
part 1 of the Supplementary Appendix, available
with the full text of this article at NEJM.org).

The effects of the checklist on patient out-
comes were studied in a controlled, multicenter,
prospective study comparing outcomes before
and after implementation of the intervention,
from October 2007 through March 2009. The
checklist was implemented in two academic cen-
ters and four teaching hospitals in the Nether-
lands, all representing a high standard of health
care (Table 1). Before implementation of the
checklist, all hospitals used numerous separate
checks and protocols for various parts of the
surgical pathway, including protocols for mark-
ing the operative side and medication checks. In
each participating hospital, a project team was
assembled, consisting of a surgeon, an anesthe-
siologist, and a quality-control officer. The imple-
mentation was presented to all departments as a
quality-improvement project, without emphasiz-
ing its research aspect.

The amount of time required to implement
the checklist was estimated at 6 to 9 months. The
baseline measurement period was 3 months. Com-
plications were documented in all adults who
underwent general surgery and were discharged
during this period. Patients who were discharged
without having undergone surgery and patients
with a hospital stay of less than 24 hours were
excluded. After implementation of the checklist
during a 9-month period, a postimplementation
assessment was conducted for 3 months. All
adults with a minimum hospital stay of 24 hours
who underwent general surgery were included in
the postimplementation cohort, not just the pa-
tients whose checklist had been completed.

A random sample of checklists from each hos-
pital was entered into an online central database
to estimate compliance rates. Compliance was
expressed as the percentage of items that had
been completed per checklist, and complication
rates were compared between the group of pa-
tients whose checklists were above the median
percentage of completed items and the group
whose checklists were at or below the median.

Five control hospitals were selected — one
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Table 1. Characteristics of the Hospitals.*

Maastricht
Onze Lieve Vrouwe Gasthuis, Amsterdam
Rijnland Hospital, Leiderdorp
Control hospitals
Deventer Hospital, Deventer
Gelre Hospital, Apeldoorn
Leiden University Medical Center, Leiden
Reinier de Graaf Hospital, Delft

Tergooi Hospital, Hilversum

Hospital Type of Hospital No. of Beds and Accreditation
Intervention hospitals
Academic Medical Center, Amsterdam Academic 1002 NFU hospital
Amphia Hospital, Breda Tertiary teaching 954 STZ hospital, NIAZ accreditation
Jeroen Bosch Hospital, Den Bosch Tertiary teaching 560 STZ hospital
Maastricht University Medical Center, Academic 715 NFU hospital, NIAZ accreditation

Tertiary teaching

Regional teaching

Tertiary teaching
Tertiary teaching
Academic
Tertiary teaching

Regional teaching

Level of Specialized Care

555 STZ hospital, NIAZ accreditation
470 NIAZ accreditation

380 STZ hospital

622 STZ hospital, NIAZ accreditation
882 NFU hospital, NIAZ accreditation
817 STZ hospital

440 NIAZ accreditation pending

* All hospitals are in the Netherlands. Hospitals that belong to the Dutch Federation of University Medical Centers (NFU),*?
which account for 9% of all the hospitals in the Netherlands, provide the most specialized care. The Dutch Institute for
Health Care Accreditation (NIAZ), part of the International Society for Quality in Healthcare,** provides accreditation to
hospitals that meet international standards developed and tested for external evaluation of health care organizations. Hos-
pitals that belong to the Association of Tertiary Medical Teaching Hospitals (STZ),*> which account for 29% of hospitals
in the Netherlands, provide highly specialized medical care (the next level of specialization below that of NFU hospitals).

academic center and four teaching hospitals —
all of which had high standards of care and were
qualitatively similar to the six intervention hos-
pitals (Table 1). In the control hospitals, data on
patients and outcomes were collected in the
same manner over the same periods of time as
in the intervention hospitals.

The study was reviewed by the institutional
review board of the Academic Medical Center
and conducted in accordance with the protocol.
Because this was an observational study in which
the effect of a quality-improvement intervention
was assessed with the use of outcome measures
that are already routinely collected, the board
determined that formal review and informed
consent were not required.

DATA COLLECTION
Data on age, sex, American Society of Anesthesi-
ologists (ASA) score (a measure of coexisting
conditions), length of stay, and number and type
of surgical procedures were collected from hospi-
tal administrative data. Outcome data were col-
lected from the prospective Dutch National Sur-
gical Adverse Event Registration System (LHCR),

N ENGL ) MED 363;20
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a nationwide registration system that has been in
use for more than 10 years.'°*®* The outcome
grades in this system correspond to grades in the
recently described Accordion Severity Grading Sys-
tem of Surgical Complications.*® All postopera-
tive complications are prospectively registered by
ward doctors during the patient’s hospital stay,
discussed by staff at the time of discharge, and
entered into an electronic database. The LHCR
system is comprehensive. All complications are
registered, including, for example, a postponed
procedure, and more than one complication per
patient can be registered. Complications that
arose after discharge were not documented.

STATISTICAL ANALYSIS
All recorded complications were classified into 12
categories (part 2 of the Supplementary Appen-
dix). The number of complications per 100 pa-
tients per category and the proportion of patients
with one or more complications were reported.
Differences between patients undergoing surgery
during the baseline and postimplementation pe-
riods were assessed with the use of the Mann-
Whitney U-test (for age and length of stay) or the
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Pearson chi-square test (for sex, ASA score, type
of surgical procedure [or type of first procedure,
in the case of patients who underwent more than
one], and urgency of medical need) to identify
potential confounders. Zero-inflated negative
binomial (ZINB) regression analyses were per-
formed to assess the effect of the checklist on the
number of complications while accounting for
potential confounders. ZINB regression analysis
is a suitable approach to counting data when there
is overdispersion (the variance is greater than the
mean), an excess of zero counts, or concern that
complications may be correlated.?° Two ZINB
models were tested to assess the robustness of
the influence of the checklist. The first model ad-
dressed the checklist alone; the second accounted
for all potential confounders (sex, age, ASA score,
hospital, type of surgical procedure, and urgency
of medical need). Two-tailed tests of significance
were used, and a P value of less than 0.05 was
considered to indicate statistical significance. Ex-
act 95% confidence intervals were calculated for
the rate of complications (expressed as the num-
ber of complications per 100 patients) and the rate
ratio. Confidence intervals for the absolute reduc-
tion in the risk of complications were calculated
with the use of Wilson scores.?* Logistic-regres-
sion analysis was performed to assess the effect
of the checklist on mortality, with correction for
the same potential confounders. The analyses
were performed with the use of SPSS software,
version 16.0, and SAS software, version 9.1.

RESULTS

STUDY COHORTS
The preimplementation cohort consisted of 3760
patients, of whom 10.2% underwent more than
one procedure; the total number of surgical proce-
dures was 4364 (Table 2). In the postimplementa-
tion cohort, 3820 patients underwent 4387 proce-
dures; 9.7% underwent more than one procedure.

Characteristics of the patients are listed in
Table 2. Some differences between the preimple-
mentation and postimplementation cohorts were
observed. Patients in the postimplementation
cohort were more likely to undergo surgery for a
gastrointestinal condition or for trauma and less
likely to undergo surgery for a vascular condi-
tion (P<0.001).

A random sample of checklists used for pro-
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cedures in the postimplementation period (1146
of 4387 procedures, or 26%) was entered into the
central database (Table 2). Among these check-
lists, a median of 80% (interquartile range, 69 to
91) of items per checklist had been completed
(Table 2, and part 3 of the Supplementary Ap-
pendix).

OUTCOMES IN INTERVENTION HOSPITALS
During the 3-month preimplementation period,
complication rates were stable (Fig. 1). After im-
plementation of the checklist, the total number
of complications decreased from 27.3 per 100 pa-
tients (95% confidence interval [CI], 25.9 to 28.7)
to 16.7 per 100 patients (95% CI, 15.6 to 17.9),
corresponding to an absolute reduction of 10.6
complications (95% CI, 8.7 to 12.4) (Table 3 and
Fig. 1) and to an uncorrected rate ratio of 0.613
(95% CI, 0.545 to 0.681). There were differences
among hospitals in the effect of the checklist.
The absolute reduction in the number of compli-
cations ranged from 0.3 to 19.5 per 100 patients
(part 4 of the Supplementary Appendix). The pro-
portion of patients with one or more complica-
tions was 15.4% in the preimplementation period
versus 10.6% in the postimplementation period
(P<0.001) (Fig. 2).

The complication rate was 7.1 per 100 patients
among the 566 patients for whom the extent of
checklist completion was above the median, as
compared with a rate of 18.8 per 100 among the
580 patients for whom checklist completion was
at or below the median (absolute risk reduction,
11.7 complications; 95% CI, 7.9 to 15.6).

In-hospital mortality decreased from 1.5%
(95% CI, 1.2 to 2.0) to 0.8%, with an absolute
risk reduction of 0.7 percentage points (95% CI,
0.2 to 1.2) (Table 3) and an uncorrected rate ratio
of 0.52 (95% CI, 0.34 to 0.81). The proportion of
patients who had temporary disability and the
proportion of patients requiring a second surgical
procedure to resolve a complication also decreased
significantly, by 2.7 percentage points (95% CI,
1.5 to 4.0) and 1.1 percentage points (95% CI, 0.4
to 1.9), respectively (Table 3).

The ZINB model showed that the checklist,
when controlled for potential confounding factors
(i.e., sex, age, ASA score, hospital, type of surgi-
cal procedure, and urgency of medical need),
was associated with an absolute reduction of 9.7
complications (95% CI, 7.8 to 11.5) and a rate
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Table 2. Characteristics of Patients in Intervention and Control Hospitals before and after Implementation of the Surgical Safety Checklist.*

Characteristic Intervention Hospitals (N=6) Control Hospitals (N=5)
Before After Before After
Implementation Implementation P Value Implementation Implementation P Value
No. of patients 3760 3820 2592 2664
No of proceduresT 4364 4387 2924 3058
Mean length of stay (days) 9.1 8.5 0.15 7.0 7.4 0.052
Mean age (yr) 57.7+17.8 56.8+18.7 0.11 58.8+17.9 59.5%17.7 0.16
Male sex (%) 49.3 47.4 0.10 46.6 46.8 0.93
ASA score (%) 0.84 0.39
1 29.8 29.9 30.0 29.6
2 41.8 41.2 49.9 48.2
3 251 255 18.8 20.3
4 2.9 3.1 1.2 1.8
5 0.4 0.3 0.1 0.1
No documented ASA score (no.) 452 362 840 561
Surgical intervention required in <24 hr (%) 19.5 21.2 0.09 19.9 21.2 0.24
Surgical procedures (%)§ <0.001 0.005
Gastrointestinal procedures, including 36.0 39.2 34.6 31.9
relaparotomies
Procedures for treatment of trauma 18.2 20.6 19.2 22.5
Vascular or renal procedures, amputation 16.5 11.6 16.2 15.1
Abdominal-wall procedures, diagnostic 13.2 13.6 12.2 10.9
laparoscopy
Endocrine procedures, including breast 6.1 6.1 10.2 10.7
surgery
Other or unknown 9.9 8.9 7.5 8.9

Checklist sample€|
No. of checklists 1146
Items completed (%)
Median 80

Interquartile range 69-91

* Plus—minus values are means +SD. Data on individual hospitals can be found in part 4 of the Supplementary Appendix. ASA denotes American
Society of Anesthesiologists.

T Some patients underwent more than one procedure; the data include all procedures.

1 The ASA score is a measure of physical status for patients undergoing surgery. A score of 1 denotes a healthy condition, a score of 2 mild sys-
temic disease, a score of 3 severe, systemic, function-limiting disease, a score of 4 life-threatening disease, and a score of 5 terminal disease.

§ For cases in which there was more than one procedure per patient, only the initial procedure was reported.

9 Checklists in this sample, which represented 26% of all procedures performed during the postimplementation period, were entered, item by
item, into a central online database.

ratio for total complications of 0.646 (95% CI, ©OUTCOMES IN CONTROL HOSPITALS

0.579 to 0.714), which are similar to the crude In the five control hospitals, complication rates
results of 10.6 and 0.613, respectively. The cor- and mortality did not change significantly through-
rected rate ratio for mortality was 0.54 (95% CI, out the study period (Table 3 and Fig. 1 and 2).
0.33 to 0.88). The number of complications was 30.4 per 100
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mentation of the Surgical Safety Checklist.

Figure 1. Mean Number of Complications in Intervention Hospitals and Control Hospitals before and after Imple-

The solid horizontal lines show the overall mean number of complications before implementation of the checklist,
and the dashed horizontal lines show the mean number after implementation. The change in the mean number of
complications from the preimplementation period to the postimplementation period was significant in the interven-
tion hospitals (P<0.001) but not in the control hospitals (P=0.81).

patients during the first study period as com-
pared with 31.2 per 100 during the second period
(absolute risk reduction, -0.8; 95% CI, -3.2 to 1.7),
and the proportions of patients with one or more
complications in the first study period were
17.6% and 17.9%, respectively (P=0.95). Mortali-
ty was 1.2%, as compared with 1.1% in the second
period (absolute risk reduction, 0.1 percentage
points; 95% CI, -0.5 to 0.7).

DISCUSSION

In this multicenter study, implementation of the
SURPASS checklist in six teaching and academic
hospitals with a high baseline standard of care
was associated with a reduction in the postopera-
tive complication rate from 27.3 per 100 patients
before implementation to 16.7 per 100 afterward
and a reduction in in-hospital mortality from 1.5
to 0.8%. The reduction in complication rates was
consistent over the 3 months of the postimple-
mentation period and remained significant after
adjustment for potential confounding factors.
During the same study period, outcomes did not
change in five control hospitals with similar
characteristics, increasing the likelihood that the
decrease in complication rates in the intervention

N ENGLJ MED 363;20 NEJM.ORG

centers was a result of the use of the checklist.
This hypothesis is further supported by the sig-
nificantly lower complication rate among patients
for whom 80% or more of the checklist items
were completed than among those for whom a
smaller proportion of the checklist items were
completed.

Improved outcomes after implementation may
be explained by a number of mechanisms. The
checklist is designed to incorporate all existing
protocols and checks in order to provide a com-
prehensive framework for the surgical pathway,
minimize information loss during transfers from
one stage of the pathway to the next, and promote
interdisciplinary communication. Specific items
on the checklist may directly prevent adverse
events. For example, checking for timely cessa-
tion of anticoagulant agents may directly prevent
perioperative bleeding. In addition, the imple-
mentation of the checklist triggers improvements
in the entire surgical pathway. In all participating
hospitals, many processes were optimized, in-
cluding digital registration of blood-type cross-
matching (incorporation into electronic records),
standardization of protocols, and standardization
of the timing of antibiotic prophylaxis. Finally,
the checklist may lead to improved outcomes by
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3.7
30.4
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0.15
<0.001

0.7

1.4
1.7

27.3

Disturbed function§

Other

1.2
16.7

~0.8 (-3.2t0 1.7)

10.6 (8.7 to 12.4)

Total

Outcomes|

0.46
0.83
0.71
0.61
0.62

0.1 (-0.1t00.3)

-0.2 (-1.8t0 1.5)
-0.2 (-1.3t0 0.9)
-0.1 (~0.5 t0 0.3)

0.1

0.2

78

0.
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0.0 (-0.2t0 0.3)
2.7 (15 to 4.0)

1.1 (0.4t0 1.9)

0.2

0.2

No disability

11.3

11.1

6.6
2.5

9.4
3.7

0.5

Temporary disability, reoperation not required

4.8
0.6

4.6
0.5

0.005
0.

Temporary disability, reoperation required

46

0.1 (-0.2 to 0.4)

0.7 (0.2t0 1.2)

0.4

Permanent disability

Death

1.2 11 0.1 (-0.5t0 0.7)

0.003

0.8

1.5
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* Data on individual hospitals are available in part 4 of the Supplementary Appendix.

T Included in this category are intraoperative injuries and technical complications, such as fracture of osteosynthesis material (see part 2 of the Supplementary Appendix for details).

T Included in this category are cancelations of surgery for administrative reasons (see part 2 of the Supplementary Appendix for details).

§ This category includes conditions such as hypertension, hypokalemia, and disseminated intravascular coagulation (see part 2 of the Supplementary Appendix for details).

9 Classifications for outcomes are from the Dutch National Surgical Adverse Event Registration System. For patients with multiple complications, the most severe outcome was reported.

improving teamwork, communication, and atti-
tudes toward quality and safety.

A number of factors might account for the
differences in baseline complication rates among
the hospitals. One important factor is the differ-
ence in case mix. Patients at academic hospitals
generally have a larger number of coexisting
conditions and undergo more extensive proce-
dures, increasing the likelihood of complications.
Another factor that may account for the differ-
ence in complication rates is differences in as-
pects of registration. Although the hospitals’ pro-
cess of documenting complications was uniform,
there might have been differences between hospi-
tals in the vigilance and precision with which ad-
verse outcomes were registered. In addition, there
were considerable differences across hospitals in
the effect of the checklist: the absolute reduction
in the number of complications ranged from 19.5
to 0.3 per 100 patients. A number of reasons
might account for this difference. First, there were
differences in compliance with the use of the
checklist at the hospitals. In addition, there might
have been hospitals at which checklist integration
was not yet optimal after 9 months owing to the
existing culture in the hospital or department or
to specific implementation strategies.

The improvements in outcome that we ob-
served confirm the results that were achieved
with the use of the WHO’s surgical safety check-
list. However, in the present study, only hospitals
with a high baseline standard of care were in-
cluded, whereas the hospitals included in the
WHO study were more diverse. Another differ-
ence between this study and the WHO study is
the scope of the intervention: the WHO’s check-
list is intended for use in the operating room
only, whereas the SURPASS checklist covers the
entire surgical pathway. Many of the risks along
the surgical pathway should be corrected at an
earlier stage than just before surgery. To delay
certain checks until the patient is lying under
the operating lights may lead to postponement
of surgery, compromised safety, or both. In ad-
dition, many adverse events originate in the post-
operative stage.1012,22

This study has several limitations. First, be-
cause it had preimplementation and postimple-
mentation phases, any change that was observed
in relation to the intervention might have been
influenced by other changes in each hospital
that occurred over time or by differences in case
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Figure 2. Number of Complications per Patient in Intervention Hospitals
and Control Hospitals before and after Implementation of the Surgical Safety
Checklist.

The change in the number of complications per patient from the preimple-

mentation period to the postimplementation period was significant in the
intervention hospitals (P<0.001) but not in the control hospitals (P=0.95).

mix. However, a randomized study design was
not feasible because of the contamination effect
in interventions of this kind: hospital personnel
using the checklist for one patient will still work
according to the checklist, consciously or sub-
consciously, when providing care for a patient not
assigned to the checklist.?? In an effort to mini-
mize the influence of changes over time, the
measurements performed before and after im-
plementation took place within a year of each
other. No other fundamental changes in policy
or surgical care occurred in any of the partici-
pating hospitals during that year, making it un-
likely that the decrease in complications was
attributable to factors other than the introduc-
tion of the SURPASS checklist. This hypothesis
is supported by the observation that in the con-
trol hospitals, outcomes did not change signifi-
cantly from the first 3 months of the study (the
baseline period) to the last 3 months (correspond-
ing to the postimplementation period).

A second limitation is the manner in which
outcome data were collected. Documentation of
complications by physicians has proved to be sub-
ject to underreporting.2+2> However, the LHCR
has been used to monitor the quality of surgi-
cal care in the Netherlands for more than 10

years and is well integrated into daily clinical
care. It includes prospective documentation of
complications during the hospital stay, with a
daily plenary meeting at which staff and residents
discuss all complications for patients being
discharged. We have no reason to suspect that
any possible underregistration was inconsistent
over time.

Third, the documentation of complications
was limited to the period of admission. Data on
complications and deaths occurring after dis-
charge were not collected.

Finally, in interpreting our results, it is im-
portant to note that health care providers did
not fully comply with the checklist. Compliance
rates were monitored in only a sample of pa-
tients for whom the checklist had been used. In
this sample of 26% of patients who underwent
surgical procedures in the postimplementation
period, a median of 80% of items per checklist
were completed. Although we have no reason to
suspect that the checklist was not used at all for
a large number of patients, suboptimal compli-
ance during the study period may have led to an
underestimation of the effect of the checklist.

The implementation of this checklist requires
a considerable amount of time and effort. The
checklist is quite comprehensive, requiring the
input of care providers from multiple disciplines
involved in the care of patients undergoing sur-
gery. By providing a blueprint of the ideal situa-
tion, the system reveals safety risks and triggers
improvements in all stages of the surgical path-
way. These improvements are part of its benefi-
cial effect; when a substantial improvement in
patient safety is desired, merely developing and
enforcing a checklist do not suffice.2>27 A “cul-
ture of safety” is required in the organization,
with concerted efforts to reduce risks.

In conclusion, our study shows that the use of
the comprehensive SURPASS checklist is associ-
ated with reductions in complications and mor-
tality among adults undergoing general surgery
in hospitals that have a high baseline standard
of care.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org
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