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Abstract
Purpose At least half of surgical complications can be avoided by using surgical checklists. However, universal implementa-
tion and compliance have been reported as being variable. Patients undergoing urgent surgical intervention are at increased 
risk for complications. The aim of this study was to evaluate the checklist compliance together with the complication rate 
during day and night shifts in a European University hospital.
Methods 51 and 52 consecutive patients who had surgery during day and night shifts were included. The primary outcome 
measures were compliance and completeness of the WHO safety checklist. The occurrence of postoperative complications 
was investigated.
Results The analysis included 103 surgical procedures. The mean compliance rate of use was 93% and the mean completeness 
rate was 22%. After operations were broken down by day or night shift, we found that checklists were less often available 
in night shifts compared to day shifts. The completeness of the checklist and the occurrence of postoperative complications 
did not differ between day and night shifts.
Conclusion This study reports worse checklists availability in night shifts when compared to day shifts, but complication 
rates did not increase. Further studies are warranted to investigate postoperative complication rates together with checklist 
compliance in day versus night shifts.
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Introduction

Surgery is performed in great numbers each year to save 
lives and improve quality of life. In Austria, 1.1 million sur-
geries were performed in 2020 [1]. Surgery implies that the 
risk of complications and rates of complications related to 
the surgical procedure vary, occurring in 4.3% [2] to 13% [3] 
of non-cardiac surgical procedures. Surgical complications 

are a major cause of morbidity and mortality and also pose 
a major financial burden to patients and providers [4, 5].

Wrong-side surgery, omission of antithrombotic meas-
ures, omission of prophylactic antibiotics, and mix-up of 
blood groups are among the most consequential preventable 
complications [4, 5].

Patients undergoing urgent surgical intervention are at 
even higher risk ofr complications and death [6]. Even rou-
tine surgery requires the complex coordination of surgeons, 
anesthesiologists, nurses, and support staff to provide timely 
and effective care, but heightened patient acuity and time 
pressure increase the potential for critical errors and omis-
sions in established standards of care.

Scientific studies have shown that the use of a check-
list can save lives and reduce the morbidity as a result of 
improved patient outcomes including reduced infections, 
wound rupture, respiratory complications, bleeding, and 
blood transfusions [7].
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Surgical checklists have been developed to decrease peri-
operative complication rates and to increase the safety of 
surgical care. A number of checklists have been proposed, 
but the most widely known and implemented is the WHO 
surgical safety checklist (SSC) [8]. This intervention was 
part of the safe-surgery-saves-lives-challenge, aiming to 
improve surgical care safety around the world by ensuring 
adherence to proven standards of care.

However, the WHO surgical safety checklist advances 
standard perioperative checklist practices in several key 
ways. First, it is administered in the operation room (OR), 
not in the preoperative area as has often been the case. Sec-
ond, it is administered at three strategic points: on patient 
arrival but before any intervention (“sign in”); after induc-
tion of anesthesia, immediately before surgical incision 
(“time out”); and before team members or the patient leaves 
the OR (“sign out”). Finally, it is specifically designed to 
promote communication and teamwork in the OR.

Despite the benefits associated with the use of checklists 
in surgery, universal implementation and compliance have 
been reported as being variable and inconsistent [9].

Cesarean sections performed during night shift are asso-
ciated with longer duration of surgery and an increased risk 
of maternal morbidity [6]. Data regarding compliance with 
surgical checklists comparing day shifts and night shifts and 
the related complication rate are missing.

Our hospital has adopted the WHO surgical safety check-
list with minimal adaptions for local practicability in 2011 
and made its use mandatory in all operating rooms. This 
study set out to compare the compliance with the WHO 
surgical safety checklist and complication rates in surgical 
cases performed during day shifts versus those performed 
during night shift.

Methods

We conducted a cross-sectional study at the Department of 
Obstetrics and Gynecology, Medical University of Vienna. 
We retrospectively assessed the compliance with the WHO 
surgical safety checklist, its completeness, and the compli-
cation rates in gynecologic surgical cases, comparing day 
shifts with night shift.

The study was approved by the Ethics Committee of 
the Medical University of Vienna (IRB approval number: 
1696/2019). The ethics committee waived the requirement 
to obtain informed consent from patients.

We included a random sample of 103 patients who under-
went gynecologic surgery between 04/2016 and 10/2018, 
using a computer-generated randomization list.

We compared the charts of 51 patients who had had sur-
gery during day shifts with 52 patients who had had surgery 

during night shifts at the Department of Obstetrics and 
Gynecology. Patients operated during day and night shifts 
included both elective and acute surgeries.

For physicians in our hospital, the day shift is the time 
between 8am and 4pm and the night shift is the time between 
4pm and 8am of the following day.

In our hospital, the WHO surgical safety checklist is a 
paper form which is added to the patient’s chart on entry of 
the patient into the OR area. It is read out loud at sign in, time 
out, and sign out in the presence of the entire surgical team, 
including surgeons, anesthesiologists, nursing and auxiliary 
staff and is ticked off by a scrub nurse. It then becomes part of 
the patient’s paper chart.

The primary outcome measure in our study was the compli-
ance rate with the WHO surgical safety checklist. We defined 
compliance based on whether the checklist was part of the 
patient´s chart. We defined completeness as “complete”, if all 
items of the checklist were checked; “incomplete”, if one of 
more items were left unchecked.

The secondary outcome measure was the occurrence of any 
postoperative complication according to the Clavien–Dindo 
classification (CDC) [10]. Type of surgery (classified as small, 
medium, or major), duration of surgery in minutes, day versus 
night shift, and type of anesthesia (general versus regional ver-
sus local anesthesia) were recorded for all patients.

Minor surgeries were classified to include hysteroscopies, 
dilation and curettages, conizations, marsupializations, and 
abscess drainages. Medium surgeries included laparoscopies, 
surgery of the breast, lymph node excisions and laparotomies 
of less than 300 min duration. Major surgeries included all 
surgeries lasting longer than 300 min, typically debulking sur-
geries for ovarian cancer or extensive endometriosis.

We reviewed all patients’ charts until discharge and 
beyond to include complications which occurred after dis-
charge from the hospital. In case of a postoperative compli-
cation, patients usually return or are referred to the hospital 
where surgery was performed, which guarantees that little 
to no complications are lost to follow-up.

We used descriptive statistics to describe availability and 
completeness of the WHO surgical safety checklist as part 
of the patient´s chart. We present categorical variables as 
absolute and relative frequencies; We present metric vari-
ables as median and range (minimum, maximum) because 
none of these variables was normally distributed. Metric 
variables were analyzed using Wilcoxon signed-rank test, 
and categorical variables were analyzed using Chi-squared 
test or Fisher´s exact test if sample size was small.

A p value of < 0.05 was considered statistically signifi-
cant. Statistical analyses were calculated using SPSS 27.0 
for MAC (SPSS 27.0, IBM Inc., Armonk, NY). The data-
base with patients’ records was anonymized and de-identi-
fied prior to analysis.
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Results

The analysis for this studywa based on 103 surgical proce-
dures at the Department of Obstetrics and Gynecology, Med-
ical University of Vienna. 51 procedures were performed 
during day shifts and 52 procedures during night shifts. 
Patients’ median age was 42 years, with a range from 12 to 
89 years. 23% of all surgeries were classified as minor, 68% 
as medium, and 9% as major surgery, which is representative 
for all surgeries in our department. The median duration of 
surgery was 110 min (range 20–520 min).

98% of surgeries were performed under general anesthe-
sia, 2% of surgeries were performed using spinal anesthesia 
and none under local anesthesia.

In 26% of cases one or more participants of the surgical 
team were exchanged, meaning that they left or joined at a 
later stage. During the day, surgical teams changed in 31% 
versus 21% during the night, a non-significant difference. 
Postoperative complications were observed in 17 patients 
(17%), and of these only 2 (1.9%) had severe complica-
tions (CDC≥3). There was no difference regarding the rate 
of complications between day and night shifts. For classi-
fication and frequency of postoperative complications, see 
Table 1.

The overall compliance rate for the use of the WHO 
surgical safety checklist was 93%, meaning that a checklist 
as part of the patient chart was missing in 7% of all cases. 
Compliance was better during the day with 100% of check-
lists being part of the patients’ chart compared to 87% dur-
ing night shifts. This difference was statistically significant 
(p = 0.013), but it did not result in a difference in complica-
tion rate.

However, only 22% of checklists were complete. In 78%, 
one or more items on the checklist were not ticked off. Com-
pleteness of the checklist did not differ between day and 
night shifts and was low in general.

In night shifts, major surgeries were less often performed, 
and revision operations were more frequent. Age was signifi-
cantly lower in patients who had surgery during night shifts 
and duration of surgery was also significantly shorter. The 
comparison of day versus night shift is shown in Table 2.

Discussion

In our study, we found a mean compliance rate with a 
mandatory checklist of 93%, albeit with a very low rate 
of completeness. We had defined compliance based on 
whether the checklist form became part of the patients´ 
chart and completeness as whether one or more items on 
the WHO surgical safety checklist were left unchecked. 
Completeness was only 22%, but did not differ between 
day and night shifts and was low in general. Compliance 
was significantly lower during night shifts than during day 
shifts.

An Australian study evaluating the compliance with the 
WHO surgical safety checklists in acute and elective proce-
dure found similarly low rates of correct checklist adminis-
tration. In that study, the checklist was used at the beginning 
of surgery in 99% compared to only 2% at the end of surgery. 
Especially, the completeness of the “sign out” part was low 
[11]. These findings are consistent with a recent study in 
British hospitals, which found that sign out was completed 
less commonly than the other domains [12]. A possible rea-
son for the poor compliance with this domain is confusion 
about its proper timing which is defined as ‘before the sur-
geons leave the OR’. Unlike other domains, “sign out” it is 
not linked to a specific event in patient management.

Van Klei et al. reported a significant reduction in perio-
perative mortality when the WHO SSC was completed, 
OR: 0.44 (95% CI 0.28–0.70), but not when the SSC was 
incomplete [OR 1.09 (95% CI 0.78–1.52)], or noncom-
pleted [OR 1.16 (95% CI, 0.86–1.56)] [13]. In our study, 
we did not evaluate the effect of compliance with the 
WHO SSC on patient outcome. However, we believe these 
previous studies provide data which support the contention 
that compliance impacts on safety.

We observed postoperative complications in 17 patients; 
two of these were severe complications equaling grade 3 or 
higher according to Clavien–Dindo. There was no differ-
ence in frequency of complications between day and night 
shifts. In an Iranian hospital, the implementation of surgical 
safety checklists reduced the incidence of any complication 
from 23 to 10% [14]. This study collected data on severe 
postoperative complications, but missed detection of mild 
complications such as urinary tract infections, necessity of 
blood transfusions and postoperative application of antibi-
otics, which are all part of the Clavien–Dindo classification 
[10]. Investigating nearly 6000 elective hysterectomies for 

Table 1  Classification and frequency of postoperative complications 
according to Clavien–Dindo

CDC Clavien–Dindo classification, n numbers

n

CDC severity 1–2
 Sensory disturbance in one leg 1
 Postoperative bleeding, treated with tranexamic acid 1
 Re-admission for intravenous analgesics 1
 Anemia requiring blood transfusion 7
 Postoperative fever, treated with antibiotics 5

CDC severity ≥ 3
 Surgical evacuation of a hematoma under general anesthesia 1
 Bowel resection with stoma creation 1
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benign and malignant causes, oncological surgery was found 
to have significantly more intraoperative complications (10% 
versus 3%) and reoperations (4% versus 2%) compared to 
surgery for benign causes [15].

Compliance and completeness are surrogate parameters. 
We were not present in the OR. It is possible that the secu-
rity routine was followed but the checklist not completed, 
and it is possible that the security routine was NOT fol-
lowed, but the checklist was still ticked off. We regard the 
latter as highly unlikely.

13 of 52 (25%) surgeries during the night shifts were 
revisions due to postoperative complications after elective 
surgery performed during day shifts. This needs to be con-
sidered when thinking about complication rates during day 
and night shifts. To investigate whether postoperative com-
plications after revisions occur at a different rate than after 
primary surgery was not an aim of this study.

The observation that patients were younger and operation 
time was less during night shifts can be explained by the fact 
that routine surgeries including oncologic procedures and 
pelvic organ floor surgery are performed in older patients 

Table 2  Patient characteristics 
broken down by day versus 
night shift

SD standard deviation, n numbers
a Chi-squared test
b Wilcoxon signed-rank test
c Fisher’s exact test
d This category includes abscesses of the adnexa, Bartholin gland and the breast

Day shift (n = 51) Night shift (n = 52) p value

Checklist available [n (%)] 51 (100%) 45 (87%) 0.013c

Checklist completed [n (%)] 9 (18%) 14 (27%) 0.345a

Type of anesthesia [n (%)] 1.000c

 General anesthesia 50 (98%) 51 (98%)
 Spinal anesthesia 1 (2%) 1 (2%)

Team changes [n (%)] 0.269a

 Yes 16 (31%) 11 (21%)
 No 35 (69%) 41 (79%)

Type of surgery [n (%)] 0.041c

 Minor 10 (20%) 14 (27%)
 Medium 33 (65%) 37 (72%)
 Major 8 (15%) 1 (1%)

Revision surgery  < 0.001c

 Yes 0 13 (25%)
 No 51 (100%) 39 (75%)

Indication for surgery  < 0.001c

 Sterility 5 (10%) 3 (6%)
 Suspicion of malignancy 28 (55%) 2 (4%)
 Bleeding 9 (18%) 19 (37%)
 Acute inflammatory  diseased 1 (2%) 5 (10%)
 Acute abdomen 4 (8%) 7 (14%)
 Extrauterine pregnancy 0 8 (15%)
 Missed abortion 1 (2%) 8 (15%)
 Pelvic floor dysfunction 3 (5.9%) 0

Admission [n (%)]  < 0.001c

 Planned 49 (96%) 0
 Unplanned 2 (4%) 52 (100%)

Age, years [median (min–max)] 48 (19–89) 36 (12–67)  < 0.001b

Duration of surgery, min [mean (SD] 166 (115) 93 (37) 0.002b

Postoperative complications [n (%)] 0.597a

 Yes 7 (14%) 10 (19%)
 No 44 (86%) 42 (81%)
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per se, whereas urgent procedures during the night are more 
often performed for miscarriage, extrauterine pregnancy and 
pelvic inflammatory disease.

The high number of team changes can be explained by 
our institution being an educational center. The majority of 
team changes occurred because the supervised intern handed 
over the operation to the supervising consultant doctor.

A strength of our study is that it was performed at a uni-
versity hospital with a wide range of surgeries including 
infertility, oncology, and uro-gynecology.

Our study has some limitations. It was conducted in 
only one setting and in a brief period of time; therefore, the 
results might not be applicable to other settings through-
out the country. Moreover, the study relies on data from 
the patients’ medical records and validation of checklist uti-
lization is not presented. The authors did not make direct 
observations during the procedures.

It remains unclear whether an incomplete checklist is 
because somebody missed to tick the certain position or the 
OR team missed to complete not ticked questions.

Furthermore, surgeries during day shifts were mostly 
elective, whereas during night shifts a substantial part of 
revision operations were performed, which leads to difficul-
ties when comparing the complication rates between day 
and night shifts.

To sum up, this study reports a high compliance rate with 
mandatory checklist use, but low percentages of completed 
checklists. During night shifts, checklists were less often 
available compared to day shifts.

Compliance with the WHO surgical safety checklist is 
seemingly high, but completeness remains low and there is 
room for improvement of the safety culture in this setting.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00404- 022- 06599-w.

Author contributions WU: conceptualization, CB: data curation, CB, 
SZ and WU: formal analysis, CB, BB-A and WU: investigation, BB-A, 
SZ and WU: methodology, CB: PROJECT administration, BB-A and 
WU: supervision, CB and WU: validation, CB: visualization, CB, 
BB-A, SZ and WU: writing—original draft, CB, SZ and WU: writ-
ing—review and editing.

Funding Open access funding provided by Medical University of 
Vienna. This research received no external funding.

Data availability The data presented in this study are available on 
request from the corresponding author. The data are not publicly avail-
able due to ethical restrictions.

Declarations 

Conflict of interests The authors declare no conflict of interest.

Ethical approval The study was conducted according to the guidelines 
of the Declaration of Helsinki and approved by the Institutional Review 
Board of the Medical University of Vienna (1696/2019).

Informed consent Patient consent was waived due to the retrospective 
study design.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Statistik Austria: Medizinische Leistungen (2021). Available 
online: https:// www. stati stik. at/ web_ de/ stati stiken/ mensc hen_ 
und_ gesel lscha ft/ gesun dheit/ stati onaere_ aufen thalte/ mediz inisc 
he_ leist ungen/ index. html Accessed on 02.01.2022

 2. Polanczyk CA, Marcantonio E, Goldman L et al (2001) Impact of 
age on perioperative complications and length of stay in patients 
undergoing noncardiac surgery. Ann Intern Med 134:637–643. 
https:// doi. org/ 10. 7326/ 0003- 4819- 134-8- 20010 4170- 00008

 3. Fleischmann KE, Goldman L, Young B et al (2003) Association 
between cardiac and noncardiac complications in patients under-
going noncardiac surgery: outcomes and effects on length of stay. 
Am J Med 115:515–520. https:// doi. org/ 10. 1016/ s0002- 9343(03) 
00474-1

 4. de Vries EN, Prins HA, Crolla RM et al (2010) Effect of a com-
prehensive surgical safety system on patient outcomes. N Engl J 
Med 363:1928–1937. https:// doi. org/ 10. 1056/ NEJMs a0911 535

 5. de Vries EN, Ramrattan MA, Smorenburg SM et al (2008) The 
incidence and nature of in-hospital adverse events: a systematic 
review. Qual Saf Health Care 17:216–223. https:// doi. org/ 10. 
1136/ qshc. 2007. 023622

 6. Peled Y, Melamed N, Chen R et al (2011) The effect of time of day 
on outcome of unscheduled cesarean deliveries. J Matern Fetal 
Neonatal Med 24:1051–1054. https:// doi. org/ 10. 3109/ 14767 058. 
2010. 545913

 7. Haynes AB, Weiser TG, Berry WR et al (2009) A surgical safety 
checklist to reduce morbidity and mortality in a global population. 
N Engl J Med 360:491–499. https:// doi. org/ 10. 1056/ NEJMs a0810 
119

 8. [Anonym]. World Health Organization, CTI - WHO Guidelines 
Approved by the Guidelines Review Committee. In: WHO Guide-
lines for Safe Surgery 2009: Safe Surgery Saves Lives. Geneva: 
2009. ISBN- 978-92-4-159855-2

 9. Weiser TG, Berry WR (2013) Review article: perioperative check-
list methodologies. Can J Anaesth 60:136–142. https:// doi. org/ 10. 
1007/ s12630- 012- 9854-x

 10. Dindo D, Demartines N, Clavien PA (2004) Classification of sur-
gical complications: a new proposal with evaluation in a cohort 
of 6336 patients and results of a survey. Ann Surg 240:205–213

 11. Vogts N, Hannam JA, Merry AF et al (2011) Compliance and 
quality in administration of a surgical safety checklist in a tertiary 
New Zealand hospital. N Z Med J 124:48–58

https://doi.org/10.1007/s00404-022-06599-w
http://creativecommons.org/licenses/by/4.0/
https://www.statistik.at/web_de/statistiken/menschen_und_gesellschaft/gesundheit/stationaere_aufenthalte/medizinische_leistungen/index.html
https://www.statistik.at/web_de/statistiken/menschen_und_gesellschaft/gesundheit/stationaere_aufenthalte/medizinische_leistungen/index.html
https://www.statistik.at/web_de/statistiken/menschen_und_gesellschaft/gesundheit/stationaere_aufenthalte/medizinische_leistungen/index.html
https://doi.org/10.7326/0003-4819-134-8-200104170-00008
https://doi.org/10.1016/s0002-9343(03)00474-1
https://doi.org/10.1016/s0002-9343(03)00474-1
https://doi.org/10.1056/NEJMsa0911535
https://doi.org/10.1136/qshc.2007.023622
https://doi.org/10.1136/qshc.2007.023622
https://doi.org/10.3109/14767058.2010.545913
https://doi.org/10.3109/14767058.2010.545913
https://doi.org/10.1056/NEJMsa0810119
https://doi.org/10.1056/NEJMsa0810119
https://doi.org/10.1007/s12630-012-9854-x
https://doi.org/10.1007/s12630-012-9854-x


1106 Archives of Gynecology and Obstetrics (2022) 306:1101–1106

1 3

 12. Vats A, Vincent CA, Nagpal K et al (2010) Practical challenges of 
introducing WHO surgical checklist: UK pilot experience. BMJ 
340:b5433. https:// doi. org/ 10. 1136/ bmj. b5433

 13. van Klei WA, Hoff RG, van Aarnhem EE et al (2012) Effects of 
the introduction of the WHO “surgical safety checklist” on in-
hospital mortality: a cohort study. Ann Surg 255:44–49. https:// 
doi. org/ 10. 1097/ SLA. 0b013 e3182 3779ae

 14. Askarian M, Kouchak F, Palenik CJ (2011) Effect of surgical 
safety checklists on postoperative morbidity and mortality rates, 
Shiraz, Faghihy Hospital, a 1-year study. Qual Manag Health Care 
20:293–297. https:// doi. org/ 10. 1097/ QMH. 0b013 e3182 31357c

 15. Alliende RI, Carrasco AM, Levancini M et al (2021) 5,926 hys-
terectomies: complications described by Clavien-Dindo classifica-
tion. J Obstet Gynaecol 41:1102–1106. https:// doi. org/ 10. 1080/ 
01443 615. 2020. 18358 43

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1136/bmj.b5433
https://doi.org/10.1097/SLA.0b013e31823779ae
https://doi.org/10.1097/SLA.0b013e31823779ae
https://doi.org/10.1097/QMH.0b013e318231357c
https://doi.org/10.1080/01443615.2020.1835843
https://doi.org/10.1080/01443615.2020.1835843

	Comparing compliance with the WHO surgical safety checklist and complication rates in gynecologic surgery between day and night shifts
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Discussion
	References




