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A B S T R A C T   

Background: The COVID-19 pandemic raised major challenges to the management of patient flows and medical 
staff resource allocation. To prevent the collapse of medical facilities, elective diagnostic and surgical procedures 
were drastically reduced, canceled or rescheduled. 
Methods: We recorded all in-hospital treated patients and outpatient clinics visits of our neurosurgical depart
ment from March 2017 to February 2021. Changes of OR capacity, in-hospital neurosurgical treatments and 
outpatient clinics visits during the pandemic episode was compared on a monthly bases to the previous years. 
Results: A total of 3′214 data points from in-house treated patients and 11′400 outpatient clinics visits were 
collected. The ratio of elective (73.5% ± 1.5) to emergency surgeries (26.5% ± 1.5) remained unchanged from 
2017 to 2021. Significantly less neurosurgical interventions were performed in April 2020 (− 42%), significantly 
more in July 2020 (+36%). Number of outpatient clinics visits remained in the expected monthly range (mean n 
= 211 ± 67). Total OR capacity was reduced to 30% in April 2020 and 55% in January 2021. No significant 
delay of urgent surgical treatments was detected during restricted (<85%) OR capacity. On average, the delay of 
rescheduled consultations was 58 days (range 3 – 183 days), three (6.5%) were referred as emergencies. 
Conclusions: Dynamic monitoring and adjustment of resources is essential to maintain surgical care. The sharp 
restrictions of surgical activities resulted in significant fluctuations and 5% decrease of treated neurosurgical 
patients during the COVID-19 pandemic. However, urgent neurosurgical care was assured without significant 
time delay during periods of reduced OR capacity.   

1. Introduction 

The COVID-19 pandemic has led to major changes in patient and 
staff resources management worldwide [1–3]. Elective surgeries, 
routine diagnostics and time of in-hospital stays were reduced in the 
interest of patient safety and as a measure to prevent the collapse of 
medical institutions [4,5]. The expected onslaught of COVID-19 positive 
patients resulted in a reduction of elective surgical activities to free up 
beds in the ward and Intensive Care Unit (ICU) [3]. In addition, the 
postoperative recovery areas and operating rooms were repurposed as 
overflow ICUs. Surgeons and operating room (OR) teams were reas
signed to support other critical areas of the hospital. Continued sus
pension of scheduled, non-emergent outpatient visits shifted freed-up 
staff resources to the COVID-19 triage and screening centers [2]. 

However, the insufficiency of facility and staff resources during the 

pandemic with consequent cancelling of elective operations hazards the 
high standards of elective care to patients with an extensive impact on 
patients and the healthcare system overall [1,4]. The delay of urgent 
surgeries results in worsening of health conditions and quality of life, 
increased social costs and probably unnecessary deaths [6–9]. Surgical 
disciplines had to define and implement triage strategies within a very 
short time during the pandemic in order to cope with the ongoing surge 
of urgent operations of non-COVID-19 patients [1,10]. This study aimed 
to quantify OR capacity resources, the changes as well as fluctuations of 
neurosurgical treated patients and outpatient clinics visits during the 
global COVID-19 pandemic in 2020 and 2021 compared to previous 
years. Further we compared the time-delay of urgent cranial and spinal 
surgical operations during the pandemic episode in times of “reduced 
(<85%)” and “normal (>85%)” OR capacity. 

Abbreviations: FOPH, federal office of public health; HRA, Human Research Act; ICU, Intensive Care Unit; OR, operating room. 
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2. Materials and Methods 

All consecutive outpatient clinics visits and number of in-hospital 
treated neurosurgical patients at our institution from March 2017 to 
February 2021 were retrospectively enrolled. We compared the data of 
the pandemic episode (March 2020 to February 2021) on a monthly 
bases to the corresponding month of the previous three years (March 
2017 to February 2020). Numbers of surgical and conservatively treated 
neurosurgical in-hospital patients were recorded as well as site of pa
thology (cranial, spinal, other) and the ratio of elective to emergency 
treatments. Cancelled and rescheduled outpatient clinics visits were 
analyzed as well as the delay of consultations caused by the restrictions 
during the pandemic year. Descriptive statistics for continuous variables 
were reported as means (±standard deviation [σ]). A value ± 2σ was 
considered as an outlier value and hence statistically significant. 
Furthermore, the delay of urgent neurosurgical treatment of cranial and 
spinal pathologies during reduced (<85%) and normal (>85%) OR ca
pacity was analyzed. Statistical analyses and graphical illustrations were 
performed using GraphPad 8.1 software (GraphPad Software, La Jolla 
California USA). The unpaired, nonparametric Mann-Whitney test was 
used for group comparison. All patient visits and the number of surgical 
procedures were obtained from the hospital’s administrative databases 
in anonymized form without individual patient data. The research 
project did not fall within the scope of the Human Research Act (HRA) 
and was therefore approved by the Cantonal Ethics Committee of Zurich 
(BASEC-Nr. Req-2021-01067). The data of COVID-19 infections in 
Switzerland was acquired from the federal office of public health (FOPH, 
online source, https://www.bag.admin.ch/bag/en/home, Mai 2021). 
We used the STROBE checklist as study guideline [11]. 

3. Results 

A total of 3′214 data points from in-house treated patients and 
11′400 outpatient clinics visits were collected. A first (March to May 
2020) and second (October 2020 to January 2021) COVID-19 infection 
peak was detected in Switzerland. During the first wave, the daily new 
COVID-19 infections peaked at 1065 cases and 8029 during the second 
wave (Fig. 1). Our department experienced an overall 5% decrease in 
neurosurgical treated patients during the global pandemic episode from 
March 2020 to February 2021 (Table 1). This compares to the previous 
episodes, which saw an annual increase of 15.7% and 6.5%. The 
continuous average annual increase of 2.0% in the treatment of cranial 
pathologies (brain tumors) remained during the pandemic. The ratio of 
elective surgeries (73.5% ± 1.5) to emergencies (26.5% ± 1.5) did not 
change. 

Monthly outpatient clinics visits during the global COVID-19 
pandemic showed no outliers and stayed in the expected range (mean 
n = 211, σ ± 67) (Fig. 2). Of n = 714 planned consultations in March, 
April and November 2020 combined, n = 59 (8.3%) were cancelled and 
n = 46 (6.4%) rescheduled after medical consultation by phone 
(Table 2). On average the delay of rescheduled consultations was 58 
days (range 3 – 183 days). Three (6.5%) of the rescheduled patients were 
referred as emergencies in the course of the pandemic due to immobi
lizing pain caused by spinal pathologies. 

Due to the operational restrictions during the pandemic, OR capacity 
was reduced to an all-time low of 30% in April 2020 and to 55% in 
January 2021 (Fig. 3). Hence, significantly less neurosurgical patients 
(n = 39, − 42%) were treated in our department in April 2020 compared 
to an expected monthly average of 67 patients (σ ± 11) in the last three 
years. In contrast, significantly more neurosurgical patients underwent 
neurosurgical treatment in July 2020 (n = 91, +36%) after guidelines 
for elective surgical activities were relaxed (Fig. 4). Urgent 

Fig. 1. 7-day moving average of daily new COVID-19 infections in Switzerland 
from March 2020 to February 2021 showing the first (peak n = 1065 end of 
March 2020) and second wave (peak n = 8029 begin of November 2020). 

Table 1 
Neurosurgical treated in-hospital patients cohort from March 2017 to February 
2021. There was a decrease of 5% in patient volume during the COVID-19 
pandemic episode (March 2020 – February 2021) without significant changes 
in hospital allocation and pathology mix distribution over the last 4 years.   

Mar 2017 
- Feb 2018 

Mar 2018 
- Feb 2019 

Mar 2019 
- Feb 2020 

Mar 2020 
- Feb 2021 

Patients treated (n) 704 815 868 827 
surgical (n, [%]) 563 [80] 668 [82] 684 [79] 645 [78] 
conservative (n, [%]) 141 [20] 147 [18] 184 [21] 182 [22] 

Hospital allocation     
elective (n, [%]) 507 [72] 604 [74] 647 [75] 604 [73] 
emergencies (n, [%]) 197 [28] 211 [26] 221 [25] 223 [27] 

Pathology     
cranial (n, [%]) 141 [20] 187 [23] 201 [25] 223 [27] 

brain tumors (n, 
[%]) 

45 [32] 64 [34] 72 [36] 67 [39] 

head trauma, ICB 
(n, [%]) 

78 [55] 101 [54] 109 [54] 136 [60] 

other cranial (n, 
[%]) 

18 [13] 22 [12] 20 [10] 27 [11] 

spinal (n, [%]) 549 [78] 609 [75] 630 [73] 587 [71] 
stenosis / disc 

herniation (n, [%]) 
433 [79] 469 [77] 478 [76] 440 [74] 

spine trauma (n, 
[%]) 

93 [17] 79 [13] 95 [15] 97 [16] 

other spine (n, [%]) 23 [4] 61 [10] 57 [9] 60 [10] 
other, 
interdisciplinary (n, 
[%]) 

14 [2] 19 [2] 37 [2] 17 [2]  

Fig. 2. Outpatient clinics visits on a monthly basis from 2017 to 2021 - no 
significant outlier month (±2σ, mean n = 211, σ ± 67) was detected during the 
COVID-19 pandemic episode. 
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neurosurgical treatment of cranial or spinal pathologies were not 
significantly postponed during times of operational restrictions (OR 
capacity < 85%) compared to periods of normal surgical activities (OR 
capacity > 85%). Patients with symptomatic brain tumors were treated 
on average after 3 days of initial diagnosis during reduced OR capacity 
and 3.5 days during normal OR capacity (p = 0.928, 95% CI: − 4 to 4). 
Accordingly, no significant delay (p = 0.069, 95% CI: 0 to 5) of neuro
surgical treatment of spine pathologies was detected (Fig. 5). 

4. Discussion 

The dynamic shift and monitoring of resources was, and still is, 
necessary to prevent the collapse of the health care system during the 
global COVID-19 pandemic. The aim of this study was to evaluate the 
accessibility to the neurosurgical resources during the first waves of the 
COVID-19 epidemic, when the reduction of surgical procedures was at 
the center of public health policies. To deal with the neurosurgical pa
tients requiring an operative treatment or a clinic visit the judiciously 
making use of the available resources was essential. At our neurosurgery 
department, the limited access to elective surgeries was reflected by an 
overall decrease of − 5% in the pandemic year compared to a steady 
increase the years prior (+15.7%, +6.5%). The fear of uncertainty in the 
beginning of the pandemic resulted in an abrupt reduction of elective 
surgeries and outpatient clinics visits. The significant decrease of pa
tients treated (− 42%) in our neurosurgical department in April 2020 is 
comparable with the known literature. Hübner et al. recorded a 43% 
decrease of elective visceral surgical procedures in the beginning of the 
pandemic, while the urgent operations decreased by 39% [9]. Dinmo
hamed et al. showed a notable decrease in skin cancer diagnoses 
compared to the period before the COVID-19 outbreak [12]. Other 
Neurosurgery centers reported an operative volume that was only 
modestly diminished and essential neurosurgical needs were unaffected 
[1,7]. However, long-term data of larger centers does not exist. Overall, 
our data showed that i) ratio of cranial to spinal operative cases, ii) ratio 

Table 2 
From planed n = 513 outpatient clinics consultations in March and April 2020, n = 105 (20.5%) were cancelled or rescheduled. Overall delay of rescheduled con
sultations was 60 days (range 3–183 days). During the second COVID-19 wave (November 2020), only n = 7 (3.5%) of scheduled consultations were cancelled.  

Month Planed 
consultations 

Cancelled initial 
consultations 

Cancelled follow 
ups 

Rescheduled initial 
consultations 

Rescheduled follow 
ups 

Delay of rescheduled 
consultations (days) 

Mar 
2020 

n = 295 12 (4.1%) 24 (8.1%) 18 (6.1%) 16 (5.4%) 64 (range 3–183) 

Apr 
2020 

n = 218 7 (3.2%) 16 (7.3%) 6 (2.8%) 6 (2.8%) 52 (range 7–105) 

Nov 
2020 

n = 201 0 7 (3.5%) 0 0 n/a  

Fig. 3. OR capacity during COVID-19 with capacity reduction in April 2020 
(all-time low of 30%) and in January 2021 (55%). Normal OR capacity utili
zation remained above 85% from mid Mai to mid December 2020. 

Fig. 4. Treated neurosurgical patients at our institution from 2017 to 2021 
(mean n = 67, σ ± 11). Significantly less patients were treated in April (n = 39), 
significantly more in July 2021 (n = 91). 

Fig. 5. During reduced OR capacity (<85%), neither in brain tumor (p =
0.928) nor spine trauma (p = 0.069) patients a significant delay from initial 
diagnosis to urgent operative treatment was detected (excluded patients / 
outliers n = 13). 
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of emergency to elective patients and iii) pathology case-mix did not 
significantly change and stabilized on levels compared to prior years. 

Under normal (>85%) and reduced (<85%) OR capacity utilization, 
we did not observe any significant delay in urgent neurosurgical treat
ment of patients with brain tumors (p = 0.928) or spinal trauma (p =
0.069). Neurosurgical treatments of acute life-threatening emergencies 
were continued unaltered and hence not affected by OR capacity 
reduction. Our findings are comparable with the report of Wali et al. 
where neuro-oncological surgeries with high risk of a permanent or 
progressive neurological deficits or substantial threat to life remained 
unchanged during first stages of the pandemic [7]. Ashkan et al. re
ported that, by shifting additional surgical capacity to the private health 
sector, urgent neurovascular or neuro-oncological treatments in public 
health facilities were not delayed [1]. 

At the time of writing, the COVID-19 pandemic is still on the surge 
and the next wave of infections is expected. Although vaccination pro
grams have been launched around the world, the healthcare sector re
mains under pressure to provide medical care for non-COVID-19 and 
COVID-19 patients. New variants of the COVID-19 virus, geopolitical 
and socioeconomic tensions are unknown factors to reliably predict 
future developments [13,14]. Therefore, it is necessary to monitor and 
dynamically adjust medical resources in order to quickly detect changes 
in the current situation and avoid the risk of large patient fluctuations. 

As a tertiary referral center of neurosurgical patients, we are aware of 
the limitation of this study i.e. small sample size and retrospective 
design. We further did not analyze the impact on mortality during the 
pandemic year. Unknown factors not mentioned in this report may have 
influenced our findings. 

5. Conclusion 

Overall, in this retrospective observational study performed in 
a single tertiary care center, the number of patients treated in our 
neurosurgery department decreased by 5% from March 2020 to 
February 2021 compared to the year 2019. The accessibility to neuro
surgical procedures of non-COVID-19 patients during the first waves of 
the COVID-19 pandemic did not differ significantly from the available
ness during the previous year, because of the flexibility and reorgani
zation of the health system. The severe shortening of surgical activities 
during the first half of the COVID-19 pandemic year resulted in signif
icant fluctuations in neurosurgical patients treated. Effective and dy
namic adjustment of OR capacity during the second COVID-19 wave did 
not result in significant outlier months in neurosurgical patient volume. 
No significant delay of urgent neurosurgical treatments was observed 
during the periods of OR capacity reduction. Dynamic monitoring and 
adjustment of medical resources allowed for the reduction of major 
patient fluctuations, the provision of medical care, and the prevention of 
the impending collapse of the health care system. 
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