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Abstract 

Background: During the COVID pandemic there has been limited access to elective surgery including oncologic 
surgery in several countries world-wide. The aim of this study was to investigate if there was any lockdown effect on 
pancreatic surgery with special focus on malignant pancreatic and periampullary tumours.

Methods: Patients who underwent pancreatic surgery during the two Danish lockdown periods from 11. March 
2020 and the following 12 months were compared with patients who were operated the preceding 3 years. Data on 
patients’ characteristics, waiting time, operations, and clinical outcomes were evaluated.

Results: During lockdown and the previous three years the annual number of resections were 242, 232, 253, and 254, 
respectively (p = 0.851). Although the numbers were not significantly different, there were fluctuations in operations 
and waiting time during the lockdown. During the second outbreak of COVID October 2020 to March 2021 the overall 
median waiting time increased to 33 days (quartiles 26;39) compared to 23 (17;33) days during the first outbreak 
from March to May 2020 (p = 0.019). The same difference was seen for patients with malignant tumours, 30 (23;36) vs. 
22 (18;30) months (p = 0.001). However, the fluctuations and waiting time during lockdown was like the preceding 
three years. Neither 30- nor 90-days mortality, length of stay, number of extended operations, and complications and 
tumour stage were significantly different from previous years.

Conclusions: There were significant fluctuations in waiting time for operations during the lockdown, but these varia-
tions were not different from the preceding three years, wherefore other explanations than an impact from COVID are 
conceivable.
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Background
In early 2020 COVID started its progress in Denmark, 
and on 11. March 2020, COVID was declared a pandemic 
by the World Health Organization [1]. This day, a state 
of emergency was implemented in Denmark. Retail trade, 
restaurants, schools, and higher educations were closed, 

sporting games and public assemblies were banned, and 
face masks in public transportation and in food stores 
became mandatory. After the end of the first outbreak 
in the middle of April, there was a controlled, gradual 
re-opening of the country with re-implementation of the 
restrictions during the second outbreak from November 
to March which remained in force until 18. May 2021, 
when they were gradually lifted and finally ended 1. Sep-
tember 2021.
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The health system became National priority with 
direct control by the Prime Minister and her office. Plans 
were made for the containment of the disease, and spe-
cial units at regional hospitals were set up to receive 
patients with COVID. These precautions conformed to 
the handling in other European countries. However, the 
way each country re-organized their hospitals differed 
according to the numbers of needed admission and the 
pre-COVID resources.

In several countries, health infrastructure was pro-
foundly changed, and at hospitals the surgical depart-
ments were either closed or the admissions for elective 
surgery was dramatically reduced to allocate resources to 
departments with COVID patients. In countries with the 
highest disease impact, this resulted in delayed diagno-
sis and surgical treatment of cancer patients and referral 
to oncologic treatment instead [2–5]. Moreover, cancer 
patients apparently run an increased hazard if infected 
with COVID before as well as after surgical or oncologi-
cal treatment [6, 7]. Studies are waiting to give a better 
understanding of the different outcome of oncological 
surgery during the COVID crisis [8].

Ductal adenocarcinoma of the pancreas (PDAC) has 
become one of the leading causes of cancer-related deaths 
world-wide, and due to its rapid progressive nature, diag-
nosis and treatment has high priority. A survey from 37 
countries on five continents reported a reduced number 
of pancreatic resections during the COVID pandemic, 
although more than 80% of the responders, most of them 
surgeons, in a questionnaire strongly advocated for active 
treatment [9].

Denmark implemented the so-called “Cancer Patient 
Pathway” in 2008/2009, which aims to ensure that 
patients suspected of malignant tumors will have a time-
lier diagnosis and treatment. During lockdown, the Dan-
ish Health Authority enjoined the hospitals to continue 
follow the Cancer Patient Pathway. The outcome of the 
treatment of patients with PDAC are still pending.

The aim of this study is to investigate the impact of the 
COVID pandemic on the surgical treatment of patients 
with pancreatic and periampullary tumours, malignant as 
well as benign, in a specialized Hepato-Pancreato-Biliary 
(HPB). The data were compared with the results from the 
preceding three years before the lockdown to assess for 
any difference in admission, severity of presentation and 
outcome.

Methods
Patients
Data were divided into two cohorts. One included all 
patients who underwent pancreatic surgery irrespective 
of pathology during first year of COVID from 11. March 
2020 to 10. March 2021. The results were compared with 

data from the second cohort of patients operated 11. 
March 2017 to 10. March 2020. All patients were oper-
ated at the HPB unit at Copenhagen University Hospital, 
Rigshospitalet, which is a tertiary hospital with a catch-
ment area of 2.8 million residents for HPB surgery. The 
unit is the largest of the four hospitals that in a central-
ized setting performs HPB surgery in Denmark. The hos-
pital also receives severe cases of COVID in a specialized 
unit.

Data collection
Data were collected from the department’s prospectively 
maintained database of pancreatic operations, from the 
electronic hospital record systems Orbit and EPIC, the 
Danish National Pathology Data Registry, and from the 
National Register of Death. All Danish Nationals have a 
unique Central Person Registration number that enables 
searching of health data. The Danish health care reg-
istries are complete, and the risk of data loss within the 
searched fields is minimal [10].

Diseases included adenocarcinoma of the pancreas, 
common bile duct and the periampullary region, neu-
roendocrine tumors (NET), non-malignant tumors, 
intraductal papillary mucinous neoplasia (IPMN) and 
pancreatitis. Diagnosis was classified according to the 
International Classification of Diseases ICD-10 (C.17.0, 
C24.0, C24.1, C25, C25.4, D13.6, D13.7, D37.7 and K86).

Surgical treatment
The day before admission for pancreatic surgery, all 
patients were tested for COVID (PCR test) and any time 
during hospitalization in case of symptoms. In general, 
relatives were not allowed access to the hospital and 
only after a negative PCR test. Contact with relatives at 
the doctor’s round were by mobile phone. All operations 
before and during lockdown were performed by the same 
surgical team (four consultants and one staff specialist). 
Robotic surgery was only used in selected cases of distal 
pancreatectomy after September 2019. After pancreati-
coduodenectomy and total pancreatectomy, but not dis-
tal pancreaticoduodenectomy, patients stayed overnight 
in a high dependency unit.

Resectability of PDAC followed the criteria and guide-
lines of the International Association of Pancreatol-
ogy (IAP)/European Pancreatic Club (EPC) [11]. The 
standard treatment for resectable PDAC in Denmark is 
upfront surgery without neoadjuvant chemotherapy. In 
case of locally advanced PDAC, neoadjuvant chemo- or 
chemoradiotherapy is used according to evaluation at the 
multidisciplinary team conference (MDT).

Waiting time to operation was defined as time from the 
presentation at the MDT, where operation was decided, 
till operation was performed. Length of hospital stay 
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(LOS) was defined as time from operation to discharge 
with exclusion of in-hospital deaths. Perioperative 
death was defined as death within 90 days of pancreatic 
resection.

Patients’ physical status and comorbidity were classified 
according to the American Society of Anesthesiologists 
(ASA) and the Royal College of Surgeons Charlson score. 
The staging of adenocarcinomas followed the Ameri-
can Joint Committee on Cancer, eighth edition, and for 
NET the WHO Classification of Neuroendocrine Tumors 
2019. Surgical complications were classified according to 
Clavien and Dindo [12].

The primary outcome was waiting time to operation, 
number and type of operations, and stage of adenocar-
cinomas. Secondary outcome was LOS, severe surgical 
complications (leakage from the pancreatic, bile or gas-
tro-jejunal anastomosis, intraabdominal haemorrhage, 
intraabdominal abscess, organ infarction), periopera-
tive death, and for adenocarcinoma referral to adjuvant 
chemotherapy.

Statistical analysis
The study is an observational cohort study and reported 
according to the STROCSS guidelines [13]. Data are 
presented as median and interquartile range or mean 

when appropriate and categorial data as numbers and 
percentage. Analysis of contingency tables was per-
formed by Fisher’s exact test. Data between subgroups 
were analyzed with the Mann–Whitney and Kolmogo-
rov–Smirnov tests. Ordinary and repeated measures 
of variance were performed by the Kruskal–Wallis and 
Friedman tests. Statistical significance was considered 
as 2-tailed p-value < 0.05 for all tests. Analysis was per-
formed with GraphPad Prism software version 9.2.0 
(GraphPad, La Jolla, CA).

Results
Patients’ characteristics before and during lockdown 
were not significantly different (Table 1).

The annual median waiting time for all operations 
was not extended during 2021 compared to the preced-
ing three years, but patients with benign diseases and 
low-grade NET had a longer waiting time both before 
and during lockdown (p = 0.001). Benign tumors with 
planned postponement of operation were IPMN and 
NET WHO grade 1 and 2, while grade 3 NET and neu-
roendocrine carcinomas had priority like other malig-
nant tumors. No patient had operation postponed due 
to COVID infection. The monthly number of operations 

Table 1 Characteristics and clinical outcome of patients undergoing pancreatic surgery before and during the COVID lockdown 
period.Ordinal data presented as median (25;75 quartiles)

* In-hospital deaths excluded

Before lockdown

2017/2018 2018/2019 2019/2020 Total Lockdown p value

Numbers 254 253 232 739 242 0.851

Males/females 153/101 137/116 123/109 415/326 140/102

Age, years 69 (62;73) 67 (58;73) 69 (61;74) 68 (60;73) 68 (59;75) 0.140

ASA (%)

1–2 123 (48.4) 141 (55.7) 92 (39.7) 356 (48.2) 101 (41.7) 0.088

3 129 (50.8) 111 (43.9) 139 (59.9) 379 (51.3) 141 (58.3) 0.064

4 2 (0.8) 1 (0.4) 1 (0.4) 4 (0.5) 0 0.577

Charlson score (%)

0–1 160 (63.0) 161 (63.6) 147 (63.4) 468 (63.3) 139 (57.4) 0.110

2–3 69 (27.2) 74 (29.3) 60 (25.9) 203 (27.5) 73 (52.5) 0.412

 > 3 25 (9.9) 18 (7.1) 25 (10.8) 68 (9.2) 30 (12.4) 0.174

Waiting time (days)

All patients 31 (24;39) 29 (21;41) 28 (20;36) 30 (21;39) 29 (21;37) 0.895

Malignant tumor 31 (23;37) 28 (19;39) 27 (20;35) 28 (21;37) 28 (21;35) 0.294

NET 27 (13;32) 32 (24;42) 34 (26;42) 30 (24;40) 38 (25;52) 0.076

Benign disease 33 (29;45) 39 (24;49) 29 (20;41) 32 (23;46) 38 (20;65) 0.134

Length of stay (days)* 10 (7;17) 10 (7;17) 10 (8;16) 10 (7;17) 11 (6;18)

30-day mortality (%) 5 (2.0) 4 (1.6) 3 (1.3)12 (1.6) 5 (2.1) 0.582

90-days mortality (%) 14 (5.5) 13 (5.1) 12 (5.2)39 (5.3) 18 (7.4) 0.209

In-hospital deaths (%) 5 (2.0) 4 (1.6) 3 (1.3) 12 (1.6) 5 (2.1) 0.582
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and waiting time is shown in Fig.  1 and the number of 
national admissions due to COVID in Fig. 2.

During lockdown and the preceding three years as 
well, there were fluctuations in number of operations and 
waiting time. In 2021, the number of operations reached 
nadir in the holiday season July to August and during the 
peak of the second outbreak of COVID in November to 
December. During the second outbreak from October to 
March the median waiting time for operation increased 
to 33 (26;39) days compared to the first outbreak from 
March to May, where waiting time was 23 (17;33) days 
(p = 0.019). An extended waiting time was also seen in 
patients with malignant tumors during the second out-
break, median 30 (23;36) days vs. 22 (18;30) days dur-
ing the first outbreak (p = 0.001). However, fluctuations 
in waiting time July to August and November to March 
were the same in the previous three years.

The frequency of the four types of operations, pan-
creaticoduodenectomy (Whipples’ procedure), total 
pancreatectomy, distal pancreatectomy, and explorative 
laparotomy before and during the lockdown was not 
significantly different, nor was the stage of malignant 
tumors based on pathologic examination of the resection 
specimens (Table 2).

The overall median LOS before and during lockdown 
was 10 (7;17) vs. 11 (16;18) days, respectively, (p = 0.966). 
When divided into patients who had either resection 
or explorative laparotomy, LOS was 12 (8;18) vs. 13 
(8;20) days (p = 0.417), and 6 (4;48) days vs. 4 (4;49) days 
(p = 0.083), respectively.

The 30-days and 90-days postoperative mortality 
was 2.1% and 7.4%, respectively, during 2021 and not 
significantly different from the preceding three years 

(Table  1). The incidence of postoperative complica-
tions during lockdown was not significantly different 
from the preceding three years (Table 3). During lock-
down, three in-patients had nosocomial infection with 
COVID from an infected visitor. Two of the patients 
were transferred to a COVID unit and were later dis-
charged. The last patient with pre-existing chronic pul-
monary disease, who had a distal pancreatic resection 
due to a NET, was transferred to the ICU where he died 
from respiratory distress.

The number of patients who had adjuvant chemo-
therapy after operation for adenocarcinoma was not 
significantly different from the previous years, but any 
difference in waiting time could not be evaluated.
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Fig. 1 Number of operations (broken lines) and waiting time (solid lines) for pancreatic operations during COVID and the preceding three years. 
Number of operations from 11. March 2017 to 10. March 2020 is average of each month. Waiting time is median and quartiles

Fig. 2 Hospitalised patients with COVID in Denmark from March 
2020 to April 2020. Data from the Danish Health Authority (http:// 
www. sst. dk)

http://www.sst.dk
http://www.sst.dk
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Discussion
Contrary to what may have been expected, there was nei-
ther asignificant difference in the waiting time nor in the 
treatment of patients with malignant pancreatic and peri-
ampullary tumours during the COVID lockdown com-
pared with the preceding years.

Operations for benign diseases including IPMN and 
NET of low malignancy were postponed if this had an 
influence on the capacity to operate adenocarcinomas or 
other high-risk neoplasms, and this procedure was also 
followed before the lockdown. Our center did not receive 
inquiries to admit patients from other Danish regions 
due to lack of capacity elsewhere. Patients admitted after 
lockdown had the same comorbidity and ASA score than 
during the preceding three years. Thus, the variation in 
number of operations and waiting time was likely due to 
the patient flow.

Waiting time and number of operations would be 
inversely co-related, if surgical capacity was the only 
decisive parameter. However, this balance is disturbed 
by out-coming factors such as variations in patient flow, 

the capacity at the wards influenced by changes in LOS, 
and other operations than pancreatic surgery including 
acute surgery. Although this variation will equalize over 
the year, monthly fluctuations were present and with a 
significant peak during the second outbreak of COVID. 
The implementation of robotic surgery for selected cases 
of distal pancreatectomy from September 2019 and 
onwards did not influence the number of operations, nei-
ther when compared with previous years nor when cor-
rected for more months during lockdown than the period 
before with robotic surgery.

Time from presentation to referral of symptomatic 
patients from primary into secondary care can obviously 
not be analyzed from our data. However, a reluctance 
to access healthcare with late presentation at the MDT, 
higher stage of malignant tumours, and a higher number 
of extended operations were not seen. Thus, total pan-
createctomy and the incidence of stage 3 and 4 adenocar-
cinomas were not increased during the lockdown, so the 
time to referral of patients with malignant tumours had 
probably not been severely delayed by COVID.

Table 2 Pathology and treatment of patients undergoing pancreatic surgery before and during the COVID lockdown period

Patients operated by robotic surgery: a12, b26

Before lockdown

2017/2018 2018/2019 2019/2020 Total Lockdown p value

Tumor localization (%)

Number 254 253 232 739 242

Pancreas 200 (78.7) 219 (86.6) 179 (77.2) 598 (80.9) 197 (81.4) 0.925

Papilla 17 (6.7) 12 (4.7) 24 (10.3) 53 (7.2) 16 (6.6) 0.885

Common bile duct 10 (3.9) 10 (4.0) 12 (5.2) 32 (4.3) 13 (5.4) 0.483

Duodenum 27 (10.6) 12 (4.7) 17 (7.3) 56 (7.6) 16 (6.6) 0.672

Pathology (%)

Adenocarcinoma 172 (85.0) 173 (68.4) 167 (72.0) 512 (69.3) 172 (71.1) 0.629

Neuroendocrine 19 (7.5) 19 (7.5) 12 (5.2) 50 (6.8) 19 (7.9) 0.564

Other malignancy 10 (3.9) 9 (3.6) 6 (2.5) 25 (3.4) 11 (4.6) 0.431

IPMN 33 (13.0) 16 (6.3) 21 (9.1) 70 (9.5) 18 (7.4) 0.367

Other benign 20 (7.9) 36 (14.2) 26 (11.2) 82 (11.1) 22 (9.1) 0.403

Tumor stage Adenocarcinoma (%)

0 3 (1.7) 4 (2.3) 3 (1.8) 17 (3.3) 2 (1.2) 0.186

1 8 (4.7) 23 (13.3) 27 (16.2) 79 (15.4) 23 (13.3) 0.716

2 73 (42.4) 52 (30.1) 54 (32.3) 183 (35.7) 53 (30.8) 0.387

3 66 (38.4) 63 (36.4) 67 (40.1) 205 (40.0) 83 (48.3) 0.061

4 22 (12.8) 31 (17.9) 16 (9.6) 70 (13.6) 23 (13.4) 0.999

Operation (%)

Whipple 135 (53.2) 97 (38.3) 115 (49.6) 347 (47.0) 98 (40.5) 0.087

Total pancreatectomy 30 (11.8) 52 (20.6) 38 (16.4) 120 (16.2) 42 (17.4) 0.691

Distal Pancreatectomy 45 (17.7) 52 (20.6) 46a (19.8) 143 (19.4) 56b (23.1) 0.411

Exploration 44 (17.3) 52 (20.6) 33 (14.2) 129 (17.5) 46 (19.0) 0.876

Adjuvant chemotherapy 
adenocarcinomas (%)

117 (68.0) 132 (76.3) 118 (70.7) 367 (71.7) 125 (72.7) 0.263
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A Danish report found an overall reduction in the inci-
dent of all cancer diagnoses during the first three months 
of the pandemic compared with the previous five years 
[14]. However, according to data from the Danish Pan-
creatic Cancer Group, who runs a national register over 
operations and oncologic treatment, there was no devia-
tion in the number of pancreatic operations from 1. July 
2015 to 30. June 2021 that indicated any influence from 
COVID (Fig. 3).

When patient flow was compared with the preceding 
three years, the variation in the number of operations 
was non-significant. Both before and during lockdown 
there were annual fluctuations in the number of opera-
tions caused by variation in surgical capacity and in 
number of beds. There were two major peaks of hospital 
admissions in Denmark due to COVID (Fig. 2), the first 
from March to July 2020 and the second from September 
to April 2021, most cases in the capital region, but this 
dot seem to have an impact on the number of pancreatic 
operations in our department. The decreasing number of 
operations in July and August with an increase in waiting 

time was coincident with the holiday session. During the 
second and longest wave of COVID admissions from 
October 2020 to February 2021 there was a fall in num-
ber of operations from October to December with an 

Table 3 Complications to pancreatic surgery

Fistulas from pancreatico-jejunostomi and hepatico-jejunostomy treated with percutaneous transhepatic cholangiography assisted drainage under general 
anesthesia are classified as Clavien–Dindo 3b

Before lockdown

2017/2018 2018/2019 2019/2020 Total Lockdown p value

Number of operations 254 253 232 739 242

Clavien–Dindo (%)

1 33 (13.0) 21 (8.3) 19 (8.2) 73 (9.9) 22 (9.1) 0.803

2

3a 14 (5.5) 23 (9.1) 30 (12.2) 67 (9.1) 28 (11.6) 0.261

3b 33 (13.0) 22 (8.7) 31 (13.4) 86 (11.6) 28 (11.6) 1.000

4a 2 (0.8) 0 0 2 (0.3) 2 (0.8)

4b 3 (1.2) 0 0 3 (0.4) 2 (0.8)

5 5 (2.0) 4 (1.6) 3 (1.3) 12 (1.6) 5 (2.1) 0.582

Surgical complications 83 (32.7) 67 (26.5) 82 (35.4) 232 (31.4) 69 (28.5) 0.423

Wound dehiscence or infection 33 (13.0) 21 (8.3) 19 (8.2) 73 (9.9) 22 (9.1) 0.803

Pancreatic fistula 25 (9.8) 20 (7.9) 31 (13.4) 76 (10.3) 29 (12.0) 0.473

Pancreaticoduodenectomy

Grade B 16 (6.3) 6 (2.4) 11 (4.7) 33 (4.5) 9 (3.7) 0.717

Grade C 2 (0.8) 2 (0.3) 2 (0.8)

Left pancreatectomy

Grade B 7 (2.8) 14 (5.5) 19 (8.2) 40 (5.4) 18 (7.4) 0.271

Grade C

Bile fistula 11 (4.3) 12 (4.7) 15 (6.5) 38 (5.1) 11 (4.6) 0.865

Intraabdominal abscess 8 (3.1) 9 (3.6) 10 (4.3) 27 (3.7) 10 (4.1) 0.701

Hemorrhage 3 (1.2) 3 (1.2) 2 (0.9) 8 (1.1) 5 (2.0)

Gastric bleeding 1 (0.3) 0 2 (0.9) 3 (0.4) 1 (0.4)

Gastric or intestinal infarction 1 (0.3) 0 2 (0.9) 3 (0.4) 0

Liver infarction 1 (0.3) 2 (0.8) 1 (0.4) 3 (0.4) 1 (0.4)
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Fig. 3 Number of resections for pancreatic and periampullary 
adenocarcinomas from 1. July 2015 to 30. June 2021 in Denmark. 
Data from the Danish Pancreatic Cancer Group (http//: www. dmsc. dk)
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Page 7 of 9Hansen et al. BMC Surgery          (2022) 22:200  

increase in waiting time for operation. The drop in the 
number of operations was smaller during the preceding 
three years but waiting time showed a similar tendency, 
most notably for patients with malignant tumours, and 
so the timely access to operation for malign pancreatic 
tumors during lockdown was like the preceding years.

Before lockdown close to 30% of our patients oper-
ated for adenocarcinoma did not receive adjuvant treat-
ment, either due to low performance or because patients 
opted out of oncologic treatment. These figures were not 
different during lockdown. Because chemotherapeutic 
treatment first starts when patients’ clinical condition is 
favorable, although not later than 12 weeks from opera-
tion, it was not possible to distinguish between waiting 
time due to COVID or due to patients’ clinical condition.

From the beginning of the outbreak, several countries 
made plans for necessary surgical treatment based on 
the availability of medical resources [15, 16]. For elective 
surgery of non-malignant diseases this may have been an 
easy task contrary to the reduction of oncologic surgery 
[17–20]. Preoperative chemotherapy in upfront resect-
able tumors with delayed surgery was proposed [21, 22]. 
Most notable, national clinical guidelines issued for the 
United Kingdom for the management of essential can-
cer surgery for adults during the coronavirus pandemic 
asserted that pancreatic surgery might wait up to three 
months [23]. This was not supported by a subsequent 
publication from ESMO based on observational studies 
in England from 2013–2017 with modelled data for three 
and six months delay of surgery. The study concluded 
that a 12-weeks delay might reduce overall survival for 
most cancer patients and especially patients with pancre-
atic cancer. [24], and this was also supported by a British 
Swiss meta-analysis [25].

Like other countries Danish health service operates 
with a hub-and-spoke organizational model with highly 

specialized hospitals supplemented by secondary hos-
pitals with more limited arrays of medical services. This 
model was not challenged during lockdown, nor was it 
necessary to establish “hot” and “cold” hospitals [4], but 
each hospital set up isolated units for COVID patients. 
Centralization of pancreatic surgery to four specialized 
hospitals in Denmark may have proven beneficial, not 
only to lower postoperative morbidity and mortality but 
also in dealing with complication to COVID.

Denmark is one of the countries in Western Europe 
with the lowest number of hospital beds pr. 100.000 
inhabitants (Table 4). This is the result of a large recon-
struction of the hospital service during the last 40 years 
with focus on fast track surgery, more out-patient treat-
ment, centralization and merging of units to save costs. 
Denmark has no major private health sector with hospi-
tals to assist if the access to cancer treatment is severely 
impaired. During the pandemic, the hospital capacity 
gave rise to serious concern among the health authori-
ties. This concern turned out to be unfounded but only 
thanks to a relatively small number of infected and hospi-
talized patients and deaths compared to other countries. 
Nevertheless, the relatively small number of hospitalized 
patients due to COVID may have saved the Danish health 
system from a break down and cancellation of cancer 
operations in a scale that was seen in several other Euro-
pean countries.

We studied a well-defined patient group from a high-
volume center with well established guidelines for pan-
creatic surgery, which enabled us to analyze the impact 
of the COVID lockdown on surgical treatment compared 
with historical data. Moreover, the complete data regis-
tration makes results valid within the chosen parameters. 
However, the study also has limitations due to insufficient 
information such as patients’ contact to the primary care, 
as the risk of infection may have prevented especially frail 

Table 4 Health spending, hospital beds, COVID cases and deaths 16 March 2020 to 15 March 2021

Health spending and hospital beds: OECD data 2020 (http:// www. data. oecd. org)

COVID cases and deaths: WHO (http:// www. covid 19. who. int)

Health spending Hospital beds Cases Deaths
USD per capita Per 100.000 Per 100.000 Per 100.000

Spain 3.600 300 6.831 162

Italy 3.819 320 5.565 174

France 5.274 580 6.047 136

United Kingdom 5.268 240 6.395 188

Denmark 5.478 260 3.795 41

Ireland 5.604 290 3.443 70

Sweden 5.754 214 7.206 129

Austria 5.899 720 5.672 101

Germany 6.731 790 4.035 126

http://www.data.oecd.org
http://www.covid19.who.int
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patients contact their general practitioner. A number of 
factors in our clinic such as variation in surgical capacity 
due to other operations than pancreatic surgery, cancel-
lation of activity owing to changing capacity at the wards 
and redeployment of staff to COVID sections may have 
an undefined impact on the results. These factors can 
hardly be incorporated in the analysis and their impact 
remains unknown. The retrospective design of the study 
engenders the usual caveats, but due to the number of 
patients and the consistent registration of data, this is not 
expected to influence our results.

Conclusion
The lockdown during COVID did not have a measur-
able influence on pancreatic surgery in our clinic. This 
was clear from all measured parameters. The limitation 
of the surgical treatment depends on the available public 
resources, which were sufficient, as long as the number of 
admissions due to the basic reproductive rate of COVID 
in Denmark was lower compared to other European 
countries.

Abbreviations
ASA: The American Society of Anesthesiologists; ICU: Intensive care unit; IPMN: 
Intraductal papillary mucinous neoplasia; LOS: Length of stay; MDT: Multidis-
ciplinary team conference; NET: Neuroendocrine tumour; PDAC: Pancreatic 
ductal adenocarcinoma.

Acknowledgements
Not applicable.

Author contributions
CPH: Acquisition of data, analyzed and interpreted data, writing. MHS analyzed 
and interpreted data. JGH, JHS, PSK, and SKB revised manus. All authors have 
agreed both to be personally accountable for the author’s own contributions 
and to ensure that questions related to the accuracy or integrity of any part 
of the work, even ones in which the author was not personally involved, are 
appropriately investigated, resolved, and the resolution documented in the 
literature. All authors read and approved the final manuscript.

Funding
No financial support.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was conducted following the principles stated in the Declaration of 
Helsinki. The study is an observational, retrospective quality assurance project 
according to the guidelines of the Danish Health Data Authority (http:// 
Sundh edsda tasty relsen. dk) and the Regional Ethical Committee of the Capital 
Region of Denmark provided exemption for the study. The use of register data 
follows the General Data Protection Regulation of the European Union and 
the Danish Data Protection Agency. Patients’ written consent for using health 
data was obtained before operation. The study and the use of data were 
consented by the hospital ethical committee (Rigshospitalet) and the Danish 
Data Protection Agency (RH-2015-07, nr. 03616).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 12 February 2022   Accepted: 6 May 2022

References
 1. www. who. int/ direc tor- gener al/ speec hes/ detail/ WHO Director-General’s 

opening remarks at the media briefing on COVID19-March 2020.
 2. Torzilli G, Vigano L, Galvanin J, Castoro C, Quagliuolo V, Spinelli A. A snap-

shot of elective oncological surgery in Italy during COVID-19 emergency: 
pearls, pitfalls, and perspectives. Ann Surg. 2020;272:e112–7.

 3. El-Boghdadly K, Cook TM, Goodacre T, Kua J, Blake L, Denmark S. SARS-
CoV-2 infection, COVID-19 and timing of elective surgery. Anaesthesia. 
2021;76:940–6.

 4. Kuryba A, Boyle JM, Blake HA, Aggarwal A, van der Meulen J, Braun M, 
et al. Surgical treatment and outcomes of colorectal cancer patients 
during the COVID-19 pandemic: a national population-based study in 
England. Ann Surg Open. 2021;2(2):e071.

 5. Clarke J, Murray A, Sheraz SR, Barahona M, Kinross J, PanSurg Collabora-
tive. New geographic model of care to manage the post-COVID-19 elec-
tive surgery aftershock in England: a retrospective observational study. 
BMJ Open. 2020;10: e042392.

 6. Lee KA, Ma W, Sikavi DR, Drew DA, Nguyen LH, Bowyer RCE, et al. Cancer 
and risk of COVID-19 through a general community survey. Oncologist. 
2021;26:e182–5.

 7. Madan A, Siglin J, Khan A. Comprehensive review of implications of 
COVID-19 on clinical outcomes of cancer patients and management of 
solid tumors during the pandemic. Cancer Med. 2020;9:9205–18.

 8. Gazivoda V, Greenbaum A, Roshal J, Lee J, Reddy L, Rehman S, et al. 
Assessing the immediate impact of COVID-19 on surgical oncology prac-
tice: experience from an NCI-designated comprehensive cancer center in 
the northeastern United States. J Surg Oncol. 2021;124:7–15.

 9. Atsushi O, Stoop TF, Löhr M, Hackert T, Zyromski N, Nealon WH, et al. 
Global survey on pancreatic surgery during the COVID-19 pandemic. Ann 
Surg. 2020;272:e87-93.

 10. Schmidt M, Pedersen L, Sørensen HT. The Danish Civil Registration System 
as a tool in epidemiology. Eur J Epidemiol. 2014;29:541–9.

 11. Takaori K, Bassi C, Biankin A, Brunner TB, Cataldo I, Campbell F, et al. Inter-
national Association of Pancreatology (IAP)/European Pancreatic Club 
(EPC) consensus review of guidelines for the treatment of pancreatic 
cancer. Pancreatology. 2016;16:14–27.

 12. Clavien PA, Barkun J, De Oliveira ML, Vauthey JN, Dindo D, Schulick RD, 
et al. The Clavien–Dindo classification of surgical complications: 5-year 
experience. Ann Surg. 2009;250:187–96.

 13. Mathew G, Agha R. STROCSS 2021: strengthening the reporting of 
cohort, cross-sectional and case-control studies in surgery. Ann Med Surg 
(Lond). 2021;72:103121.

 14. Skovlund CW, Friis S, Christensen J, Nilbert MC, Mørch LS. Drop in cancer 
diagnosis during the COVID-19 pandemic in Denmark: assessment of 
impact during 2020. Acta Oncol. 2022;12:1–4.

 15. Nepogodiev D, COVID Surg Collaborative. Elective surgery cancellations 
due to the COVID-19 pandemic: global predictive modelling to inform 
surgical recovery plans. Br J Surg. 2020;107:1440–9.

 16. Nepogodiev D, COVID Surg Collaborative. Global guidance for surgical 
care during the COVID-19 pandemic. Br J Surg. 2020;107:1097–103.

 17. COVID-19: elective case triage guidelines for surgical Care 2020; 2020. 
American College of Surgeons. https:// www. facs. org/ covid- 19/ clini cal- 
guida nce/ elect ive- case/ cancer- surge ry. Accessed 24 Mar 2020.

 18. Turaga KK, Girotra S. Are we harming cancer patients by delaying their 
cancer surgery during the COVID-19 pandemic? Ann Surg. 2020;Jun 2.

 19. Moletta L, Pierobon ES, Capovilla G, Costantini M, Salvador R, Merigliano 
S, et al. International guidelines and recommendations for surgery during 
COVID-19 pandemic: a systematic review. Int J Surg. 2020;79:180–8.

http://Sundhedsdatastyrelsen.dk
http://Sundhedsdatastyrelsen.dk
http://www.who.int/director-general/speeches/detail/WHO
https://www.facs.org/covid-19/clinical-guidance/elective-case/cancer-surgery
https://www.facs.org/covid-19/clinical-guidance/elective-case/cancer-surgery


Page 9 of 9Hansen et al. BMC Surgery          (2022) 22:200  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 20. Di Saverio S, Pata F, Gallo G, Carrano F, Scorza A, Sileri P, et al. Coronavirus 
pandemic and colorectal surgery: practical advice based on the Italian 
experience. Colorectal Dis. 2020;22:625–34.

 21. Moslim MA, Hall MJ, Meyer JE, Reddy SS. Pancreatic cancer in the era of 
COVID-19 pandemic: which one is the lesser of two evils? World J Clin 
Oncol. 2021;12:54–60.

 22. Tzeng CWD, Teshome M, Katz MHG, Weinberg JS, Lai SY, Antonoff 
MB, et al. Cancer surgery scheduling during and after the COVID-19 
first wave: the MD Anderson Cancer Center experience. Ann Surg. 
2020;272:e106–11.

 23. Updated General Surgery Guidance on COVID-19. www. asgbi. org. uk/ 
userfi les/ file/ covid 19.

 24. Sud A, Jones ME, Broggio J, Loveday C, Torr B, Garrett AN. Collateral 
damage: the impact on outcomes from cancer surgery of the COVID-19 
pandemic. Ann Oncol. 2020;31:1065–74.

 25. Müller PC, Hodson J, Kuemmerli C, Kalisvaart M, Pande R, Roberts KJ. 
Effect of time to surgery in resectable pancreatic cancer: a systematic 
review and meta-analysis. Langenbecks Arch Surg. 2020;405:293–302.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.asgbi.org.uk/userfiles/file/covid19
http://www.asgbi.org.uk/userfiles/file/covid19

	Pancreatic surgery during the COVID-19 pandemic 2020–2021: an observational cohort study from a third level referral center
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Patients
	Data collection
	Surgical treatment
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


