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Abstract

Background: Apart from infecting a large number of people around the world and causing the death of many
people, the COVID-19 pandemic seems to have changed the healthcare processes of other diseases by changing the
allocation of health resources and changing people’s access or intention to healthcare systems.

Objective: To compare the incidence of endpoints marking delayed healthcare seeking in medical emergencies,
before and during the pandemic.

Methods: Based on a PICO model, medical emergency conditions that need timely intervention was selected to be
evaluated as separate panels. In a systematic literature review, PubMed was quarried for each panel for studies com-
paring the incidence of various medical emergencies before and during the COVID-19 pandemic. Markers of failure/
disruption of treatment due to delayed referral were included in the meta-analysis for each panel.

Result: There was a statistically significant increased pooled median time of symptom onset to admission of the
acute coronary syndrome (ACS) patients; an increased rate of vasospasm of aneurismal subarachnoid hemorrhage;
and perforation rate in acute appendicitis; diabetic ketoacidosis presentation rate among Type 1 Diabetes Mellitus
patients; and rate of orchiectomy among testicular torsion patients in comparison of pre-COVID-19 with COVID-19
cohorts; while there were no significant changes in the event rate of ruptured ectopic pregnancy and median time of
symptom onset to admission in the cerebrovascular accident (CVA) patients.

Conclusions: COVID-19 has largely disrupted the referral of patients for emergency medical care and patient-related
delayed care should be addressed as a major health threat.
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Introduction
Coronavirus disease 2019 (COVID-19), the highly con-
tagious infectious disease caused by severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) [1] was
first reported on December 31, 2019, in Wuhan, China.
One month later, on January 30, 2020, it was declared
a global health emergency [2] compelling the World
Health Organization (WHO) to declare it as a global pan-
demic on March 11, 2020. Globally, more than 6 million
deaths are reported worldwide across 222 countries [3].
The virus affects the respiratory system and produces
mild to severe respiratory illness, and might contribute
to hospitalization, mechanical ventilation in intensive
care units, and even death in some cases [4]. The sever-
ity of illness might get increased in people of older age,
immunocompromised individuals, and those having pre-
medical co-morbidities such as diabetes, cardiovascular
disease, respiratory disease, and cancers [4, 5]. Since the
world health organization declared COVID-19 a global
pandemic, COVID-19 was not just a health threat but its
prolonged national lockdowns and modified lifestyle of
people have affected various aspects of almost every sec-
tor’s life. For example, it reduced students’ access to edu-
cation, increased food insecurity to millions of people,
increased poverty, worsened mental health of both the
healthcare professionals and the general population, and
increased the burden on healthcare services [3, 6].
Healthcare services utilization at the inpatient, out-
patient, and emergency departments settings dropped
due to the restrictive measures [7, 8]. Moreover, plenty
of literature reported a reduction in the emergency
department (ED) visits during the pandemic period
[9, 10]. Diagnostic delays caused by the COVID-19 are
mentioned to cause a major rise in the incidence of pre-
ventable cancer deaths in England [11]. Another report
has approximated that 41% of individuals in the United
States have postponed or avoided medical care, includ-
ing urgent (12%) or non-urgent care (32%) [12]. Emer-
gency medical care or urgent care, being provided by
ED for individuals who arrive at the hospital, is defined
as “Acute illness or damage that threatens life or func-
tion and needs prompt medical intervention. The patient
would get hurt if there would be a delay” [13]. ED is
responsible for stabilizing patients with life-threatening
conditions and arrangement of admission of patients to
special care facilities [13]. Healthcare avoidance is a type
of patient disengagement that leads them to delay seeking
medical care [14]. In some circumstances in the COVID-
19 era, people experiencing urgent medical emergencies

had been avoiding healthcare services due to the fear of
contagion. Additionally, the EDs have also seemed to give
lesser priority to non-COVID-19 patients comparatively
[15]; while emergency medical health services are equally
important irrespective of suffering from COVID or not.
This reduction in the overall healthcare services utiliza-
tion might worsen health outcomes for patients with
other chronic diseases or acute medical emergencies [16].
Some studies also reported delayed emergency medical
care in the case of pre-hospital services like the response
to out-of-hospital cardiac arrest [17]. Others showed
that the untimely and improper management of emer-
gency medical needs increased morbidity and mortality
of non-COVID-19 patients during the pandemic [11, 12,
15, 16]. These dysfunctions in healthcare management
may delay the achievement of the Sustainable Develop-
ment Goals (SDG) published by the United Nations.
Indicators of sustainable development seek to ensure
long-term stability in the economy, health, education,
and the environment [18]; while it seems that COVID-19
have been imposing burdens of health financing on other
aspects of SDG and even influencing significant por-
tions of the healthcare system itself, in non-COVID-19
diseases care. As recently many studies have paid atten-
tion to the impacts of the pandemic on non-COVID-19
diseases management, reviewing these studies is needed
for developing policies for shaping the normal post-
pandemic healthcare system. As a response, we should
immediately identify factors linked to healthcare delays,
especially in urgent care, that are related to higher mor-
tality and morbidity rates. These factors might be related
to the healthcare system as well as pre-hospital services
or long wait times in the emergency department or might
be due to patient-related factors as well as avoidance of
care due to fear of COVID-19. Therefore, the aim of this
study is to evaluate the impact of the COVID-19 pan-
demic on medical emergencies and time-sensitive emer-
gency health conditions that require urgent care within
a specified time to avoid mortality and morbidity. This
study will help to understand, identify and document the
impacts of the global COVID-19 pandemic on the emer-
gency healthcare services, and provide valuable evidence
to improve policy and management of emergency medi-
cal care in the context of a global pandemic.

Methods

Study question

This study aims to evaluate the COVID-19 pan-
demic impact on the time-sensitive emergency health
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condition. The PICO (Population, Intervention, Com-
parison, and Outcomes) conceptualized for this study is
shown in Table 1. The population of interest is healthy/
stable patients being visited in ED for an emergency
condition. The ED is responsible for stabilizing patients’
vital signs and providing the necessary medical consul-
tations for patients to enter special wards or operating
rooms. Particularly, ED physicians make consultations
with specialties in General Medicine (Neurology, Car-
diology, Nephrology, Gastrointestinal, Endocrinology,

Table 1 PICO method for study questions
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Rheumatology), General Surgery, Pediatrics, Obstetrics,
gynecology, and Urology. We considered these classifi-
cations to comprehensively include all possible emer-
gency conditions. We limited the analysis to conditions
with a specific golden time/hour or any outcome show-
ing the incidence of delayed care (for example orchiec-
tomy is preventable for testicular torsion if being treated
at golden hours). The phrase “golden hour” was invented
to emphasize the importance of timely emergency care
in a time window that treatment would most prevent

PICO Evidence-based study concepts Reference
P: Population of Emergencies in differ- Neurology Meningitis Acute ischemic Seizures [19]
interest ent ED consultations stroke
which needs atimely  c5diology Acute MI/ Acute Aneurysm Aortic Dissection [20]
Intervention Coronary Ischemia
Cardiac Tamponade
Nephrology polyangiitis and Nephrotic syndrome [21]
Wegener’s granulo-
matosis
Gastroenterology Upper Gl bleeding Lower Gl bleeding [22]
Endocrinology Diabetic ketoacidosis Hypoglycemia Acute adrenocortical  [23]
(DKA) insufficiency
Phaeochromocy- Acute Hypercalcae-  Thyroid storm
toma crisis mia
Myxoedema coma Acute pituitary
apoplexy
Rheumatology Polyarteritis nodosa  polyarteritis nodosa  Scleroderma [21]
polyangiitis and Catastrophic
Wegener's granulo-  antiphospholipid
matosis syndrome
General surgery Acute abdominal conditions, including: Respiratory obstruc-  [24]
Incarcerated and Bleeding from tion, foreign bodies
Strangulated Inguinal esophageal varices
Hernias
Appendicitis Pelvic infections with
abscesses
Intestinal obstruction  Perforated typhoid Surgical infections
ulcers
Complications of Amebic liver abscess
peptic ulcer
Gall bladder and bile duct disease
Obstetrics & Gyne- torsion of ovary Ectopic Pregnancy [25]
cology pre-eclampsiaand  placenta praevia/pla- Miscarriage
eclampsia cental abruption
premature rupture of membranes
Urology Acute Scrotum (tor-  Acute Urinary Reten-  Severe Hematuria [26]
sion of testis) tion
Lithiasis Fournier Gangrene
Psychiatry Suicide Agitated and violent patients [27]

I Intervention
C: Control
O: Outcome

Disease specific intervention in golden time

Pre-COVID-19 outcomes in same centers per study

Prevalence of Failure / Disruption of treatment, Prevalence of disease complications due to delayed care, Onset to hospital

door time, Onset to treatment time,
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mortality and morbidity [28]. Outcomes of interest were
the prevalence of failure/disruption of treatment due
to delayed referral and onset to hospital door time, and
onset to treatment time. We compared two time periods,
before and during COVID-19.

Based on this concept, and using the National Confi-
dential Enquiry into Patient Outcome and Death (NCE-
POD) classification of intervention [29], diseases that
need interventions that a reservation is being made
before a routine hospitalization (elective intervention)
and diseases that do not pose a threat to life, limb, or
organ survival within a few days after deciding to con-
duct the intervention (expedited intervention) were
not included in our study scope; whereas diseases that
needed intervention immediately or within hours of the
decision to operate were included in our study. But in-
hospital timings like patient waiting time and delayed
decision makings were waived in this study as our pri-
mary literature review did not show the feasibility of
meta-analysis due to low data availability.

So, our study question was conceptualized to be “has
the incidence of [endpoint marking delayed healthcare
seeking] in [a medical emergency] been changed in com-
parison of patients referring to EDs before and during the
COVID-19?” or “has the time of disease symptom onset
to ED room been changed in comparison of patients
referring to EDs before and during the COVID-19?”

This Systematic review study was performed based on
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. Selected pop-
ulations of interest (the emergency condition) attrib-
uted MeSH terms were considered as main keywords.
Search strings used for the selected conditions are listed
in supplementary Table 1. In each panel, 2 independent
researchers performed the literature review.

The inclusion criteria for studies in this study were eng-
lish articles that had reported variables of interest before
and during the COVID-19 pandemic in the same medi-
cal centers. After removing the duplicated search results,
potentially relevant studies were collected for eligibility
assessment. A third researcher judged the study in which
the last two independent researchers didn't agree to
include. The search process is summarized in Fig. 1. Ref-
erence lists of studies were also hand queried for relevant
references.

Data extraction

In the case of the ACS panel, patient-related delay indica-
tors were chosen to be the median time of symptom onset
to first medical contact and symptom onset to admin-
istration in all ACS cases (STEMI and NSTEMI), and
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rate of delayed administration in STEMI cases (>12h).
In acute appendicitis panel, perforated appendicitis rate,
diagnosed in operation and later than 72hours ED visit
were considered as outcomes. In aneurismal SAH, vasos-
pasm findings on CT angiography and The World Fed-
eration of Neurological Surgeons (WENS) score higher
than 3 and Fisher grade of higher than 2 (which is show-
ing the amount of hemorrhage) were considered. Tissue
plasminogen activator (rt-PA) administration rate and
symptoms onset to ED door time was considered for
stroke. Rupture of ectopic pregnancy, orchiectomy, and
DKA presentation was chosen as indicators of delayed
presentation in ectopic pregnancy, testicular torsion, and
newly diagnosed T1DM panels, respectively. Study id,
time frames, and country were also extracted.

Analysis

Data of Studies with Quantitative outcomes of interest
(time from onset to hospital or treatment) were collected
and analyzed with Difference in Means or Difference
of medians (DoM) in r packages. Data of studies with
binary outcomes of interest (treatment failure or event
of delayed care sought) were extracted in form of event
rate in the total number of cases, before and during the
COVID-19 pandemic. Binary data of rates were extracted
as proportions of total study sample risk ratio was calcu-
lated to be pooled.

The Cochran Q test (two-test for heterogeneity) was
used to assess the heterogeneity of the studies. I> was
used to calculate the percentage of total heterogeneity to
total variability. A Q test with a P<0.1 or an I? statistic
of greater than 60% was considered significant statistical
heterogeneity. The random-effects model or fixed-effect
model was used in case of heterogeneity presence or not,
respectively. A 2-sided P<0.05 was considered statisti-
cally significant. Publication Bias assessment was con-
ducted by Funnel plot to depict publication bias. Egger’s
bias test was used to determine asymmetry.

Relative change in disease incidence was visualized
on a world map created using Datawrapper online tool
(https://app.datawrapper.de) and it is based on data pro-
vided by studies reporting parallel timeframe of the pre-
pandemic and pandemic period.

Results

Following the literature review, 96 studies were included
in the study in 7 panels for different medical conditions
of (i) DKA rate in T1DM [8 studies]; (ii) Vasospasm rate
in CT angiography [2 studies]; (iii) Orchiectomy rate in
testicular torsion [6 studies]; (iv) rt-PA receiving rate in
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L Identification of studies via databases and registers J
S
2
s Records identified from: Records removed before
= Databases (n =4570) —»| Screening.
t Duplicate records removed
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e
PR v Reports assessed for eligibility
R 4 g R g luded after hand search of reference
ecords screene ecords exclude lists (n = 354)
—
(n =420) (n=204)
A4 <
Reports sought for retrieval Reports not retrieved
e
o (n=597) (n=474)
=
o
8 v
)
Reports assessed for eligibility Reports excluded:
(n=123) —»| No outcome of interest for patient
related delay (n=19)
No data of interest for patient
related delay (n=8)
B Studies included in review
3 (n =96)
= Reports of included studies
£ (n =96)
Fig. 1 Prisma Flow chart of study the National Institutes of Health (NIH) Quality Assessment Tool (Quality Assessment Tool for Observational Cohort
and Cross-Sectional Studies) was used to assess the quality of included studies and ranking studies in three categories of ‘good’, “fair’, and “poor”.
(https//www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools)

CVA patients [27 studies]; (v) Perforated appendicitis
rate in acute appendicitis [20 studies]; (vi) rupture rate
in ectopic pregnancy [8 studies]; and (vii) ACS patient-
related delay [22 studies], as shown in Table 2. A total
number of 139,542 patients were included in the before
COVID-19 cohort and 84,601 in the COVID-19 cohort.

Highlights of the results
We found significant changes in the pattern of patients’
referral to EDs in the case of ACS, aneurismal SAH, acute
appendicitis, newly diagnosed T1DM, and testicular tor-
sion with the emergence of the pandemic; while other
medical emergencies did not show significant differences.
Here the details of statistical analyses for pooling the
studies are presented separately for each panel.

As shown in Table 2, 28 studies were eligible in the
stroke panel; of which 21 studies were included in the

time metrics meta-analysis of Differences of Medi-
ans (DoM) of symptoms onset to ED door, and 25 were
included in the meta-analysis of the proportion of rt-PA
administration. Based on the random-effects model,
there were no significant differences in median time from
symptoms onset to ED door between pre-and during-
COVID-19 cohorts in CVA subjects (DoM =15.67 min,
95% CI:-22.84 to 54.18min; P=0.425, supplementary
Fig. 1). However, we found high heterogeneity between
studies (I*> =98.31%) with no evidence of publication
bias (Funnel Plot Asymmetry P=0.969, supplementary
Fig. 2). We did not recognize any source to evaluate as
a meta-regression model to explain the high amount of
heterogenicity.

In the case of the proportion of rt-PA administra-
tion among all CVA patients, based on the random-
effects model, with a high value of heterogenicity
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(I> =97.56%), there were no differences in the event
rate of receiving rt-PA in pre-COVID-19 and COVID-
19 cohorts (RR=-0.11, 95% CI:-0.33 to 0.11;
P =0.0914; supplementary Fig. 3). We did not observe
evidence of publication bias (P=0.541, supplementary
Fig. 4).

Nine studies had reported ACS symptom onset to
first medical contact of which 3 studies had subgroups
in different time frames that finally 12 study/sub-group
data was entered meta-analysis. Meta-analysis using a
random-effects model (I = 99.52%) revealed no signifi-
cant difference in DoM of symptom onset to first medi-
cal contact (minutes) in comparison of pre-COVID-19
cohorts with COVID-19 cohorts (DoM =65.71 min,
95% CI:-11.55 to 142.98; P=0.0955); while there was a
high possibility of publication bias or small study effects
due to asymmetry of the funnel plot (P=0.0281), sup-
plementary Fig. 5. The trim-filling method was not
successful in eliminating bias and after using the trim-
fill method publication bias was still present; more
advanced statistical methods are needed in the case of
DoM.

Seven studies had reported symptom onset to first
medical contact of which 1 study had subgroups in dif-
ferent time frames that finally 8 study/sub-group data
was entered meta-analysis. Meta-analysis with ran-
dom-effects model (I2 =61.21%; Q(df=7)=18.91,
P=0.0085) revealed significant increase in DoM of
symptom onset to administration (minutes) in compari-
son of pre-COVID-19 cohorts with COVID-19 cohorts
(DoM =30.94min, 95% CIL:12.919 to 48.966; P=0.0008);
with no evidence for publication bias or small study
effects (P=0.0892).

In neurosurgery panel, aneurismal subarachnoid hem-
orrhage was chosen as emergency condition in which
delayed health care sought was considered as vasospasm
finding on CT angiography, Fisher grade >2, and WFNS
>3. There were only 2 eligible studies. Due to I* =0.0%
(Q(df=1)=0.0153, P=0.901), we preferred to perform
the meta-analysis. In a fixed effect model, there was a
powerful statistically significant increased rate of vasos-
pasm finding on CT angiography in comparison of Pre-
COVID-19 and COVID-19 cohort (RR=1.575, 95%
CL:0.72 to 2.42; P=0.003), as shown in supplementary
Fig. 6; but findings were not statistically significant in
case of Fisher grade>2 (RR=-0.0064, 95% CI: —0.2196
to 0.2068, P=0.9533, I* =0.0%), as shown in supplemen-
tary Fig. 7; and WENS >3 (RR=0.3088, 95% CI:-0.2631
0.8807, P=0.2899, 1> =4240%, [Q(df=1)=1.7362,
P=0.1876]), shown in supplementary Fig. 8.

In the urology panel, in the case of testicular torsion,
6 studies were selected to be included in the meta-anal-
ysis of orchiectomy rate among testicular torsion cases,
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being age limited to pediatric cases to decrease the het-
erogeneity. In a fixed-effects model, with heterogeneity of
3%, RR was estimated to be 0.259 (95% CI.:0.026 to 0.492;
P=0.029, supplementary Fig. 9) and no publication bias
evidence (regression test for funnel plot asymmetry
p=0.883, supplementary Fig. 9). This was indicating a
statistically significant rise in the rate of orchiectomy rate
among testicular torsion in COVID-19 cohorts compared
to pre-COVID-19.

In Endocrinology/pediatrics panel, in the case of newly
diagnosed type 1 diabetes mellitus (T1DM), 8 stud-
ies were included in the meta-analysis of DKA presen-
tation rate among T1DM cases, being age limited to
pediatric cases to decrease the heterogeneity. Using a
random-effects model, RR was estimated to be 0.224
(95% CI:0.062 to 0.38; p=0.0065) and no publication
bias evidence (regression test for funnel plot asymmetry
P=0.915, supplementary Fig. 10). The results presented
in individual studies were moderately heterogeneous
(12=49.37%, Q(df=7)=14.98, P=0.0362, supplemen-
tary Fig. 11). This shows a statistically significant increase
in the rate of DKA presentation rate among T1DM
patients, comparing pre-COVID-19 and COVID-19
cohorts.

In Obstetrics and gynecology panel, in the case
of ectopic pregnancy, 8 studies were selected to be
included in the meta-analysis of rupture of ectopic
pregnancy rate among all ectopic pregnancy cases. In
a random-effects model, with heterogeneity of 56.20%
(Q(df=7)=17.0353, P=0.0172, supplementary
Fig. 12), RR was estimated to be 0.112 (95% CI:0.0248
to 0.201; p=0.0065); but there was potential possibil-
ity of publication bias (regression test for funnel plot
asymmetry P=0.0121, supplementary Fig. 13). So,
using the trim and fill method, 4 studies were filled,
and the final RR was 0.0670 (CI95%: — 0.0064 to 0.1404;
p=0.0734, supplementary Figs. 14 and 15). So, there
were no significant changes in the rate of EP rupture
before and during the pandemic.

In the general surgery panel, in the case of acute appen-
dicitis, 20 studies were selected to be included in the
meta-analysis of Perforated appendicitis rate among all
acute appendicitis cases, diagnosed based on post-oper-
ation findings. To minimize possible heterogeneity, adult-
aged studies were included. In a Fixed- Effects Model,
with heterogeneity of 18.59%, RR was estimated to be
0.362(CI95%:0.2549 to 0.4690; p <.0001; supplementary
Fig. 16) and no publication bias evidence (regression test
for funnel plot asymmetry p-value=0.242; supplemen-
tary Fig. 17). This shows a statistically significant increase
in the rate of the perforation rate among acute appendi-
citis patients, comparing pre-COVID-19 and COVID-19
cohorts. of 20 selected articles, 3 studies reported late
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symptom onset to ED referral rate in case of later than
72hours ED visit to symptom onset time. In a meta-
analysis of later than 72h referral, using a random-effects
model, with a heterogeneity of 75.32%, RR was estimated
to be 0.641(CI95%: —0.6104 to 1.8938; p=0.315, sup-
plementary Figs. 18 and 19). There were no significant
changes in the rate of late referral (Table 3).

Studies in which the time frames of pre-COVID-19
and COVID-19 cohorts were the same months of years

Table 3 Meta-analysis results
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were selected for estimation of the relative change of
incidence. Based on the provided data which is shown
in Table 2, the worldwide relative change of incidence
was visualized in Fig. 2.

Discussion

The sharp drop in emergency department admissions is
mentioned in various studies [30—121]; however, accord-
ing to our knowledge, no previous study has provided

Panel Outcome of interest n 12 Estimate P
CVA symptoms onset to ED door time 21 98.31% DoM=15.67min, 95% Cl:-22.84 to 54.18 04252
rt-PA administration 25 97.56% RR=—-0.11,95% CI:-0.33 t0 0.11 0.0914
ACS symptom onset to first medical contact® 12 99.52% DoM=65.71min, 95% CI--11.55 to 142.98 0.0955
symptom onset to administration 8 61.21% DoM=30.94min, 95% Cl:12.919 to 48.966 0.0008
aneurismal SAH Vassospasm finding on CT angiography 2 0.0% RR=1.575,95% Cl:0.72 t0 2.42 0.003
Fisher grade > 2 2 0.0% RR=-0.0064, 95% CI: —0.2196 to 0.2068 0.9533
WENS >3 2 42.40% RR=+0.3088, 95% Cl:-0.2631 0.8807 0.2899
Acute appendicitis Perforated appendicitis 20 18.59% RR=+10.362, 95% CI:0.2549 to 0.4690 <.0001
later than 72 hours ED visit 3 75.32% RR=+40.641, 95% CI--0.6104 to 1.8938 0315
ectopic pregnancy Rupture of ectopic pregnancy 8 56.20% RR=40.112, 95% Cl:0.0248 to 0.201 trim and
trim and filled: RR=+0.0670, 95% Cl: filled:
—0.0064 to 0.1404 0.0734
newly diagnosed T1DM DKA presentation 8 49.37% RR=+10.224, 95% Cl:0.062 to 0.38 0.0065
Testicular Torsion Orchiectomy 6 3% RR=+0.259, 95% Cl:0.026 to 0.492 0.029

2 Publication bias exist

-333.33

-50

|
c

(c) CVA, and (d) ACS incidence during COVID-19 pandemic

Fig. 2 Schematic of the relative change of different diseases after the pandemic. Relative change of (a) acute appendicitis, (b) ectopic pregnancy,

-40.38 2222
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systematic evidence to support this view worldwide.
We found that when comparing the pre-COVID-19 and
COVID-19 cohorts of CVA patients, there were no sub-
stantial differences in the occurrence rate of obtaining
rt-PA or the median time from symptom start to hospi-
tal room. In the case of ACS, the duration from symptom
start to administration was significantly longer in pre-
COVID-19 cohorts than in COVID-19 cohorts. When
comparing the Pre-COVID-19 and COVID-19 cohorts
of patients with aneurismal subarachnoid hemorrhage,
there was a statistically significant higher prevalence of
vasospasm on CT angiography; nevertheless, vasospasm
indicates a delayed referral to hospital. In comparison to
the pre-COVID-19 and COVID-19 cohorts, there was a
statistically significant increase in the risk of perforation
among acute appendicitis patients. There were no sig-
nificant differences in the rate of ruptured Ectopic Preg-
nancy before and after the epidemic. When comparing
the pre-COVID-19 and COVID-19 cohorts, there was a
substantial rise in the rate of DKA presentation among
T1DM patients as well as perforation rate among ectopic
pregnancy patients. Similar to our study, Ojetti et al.
attributed decreased admission of cardio-thoracic, gas-
troenterological, urological, otolaryngologic/ophthalmo-
logic, and traumatological during the pandemic to fear
of the virus, implying that patients with serious diseases
did not seek treatment in the emergency department
[122]. Toniolo et al. found that severe emergent cardio-
vascular diseases admissions were decreased during the
pandemic in Italy [123]; a pooled analysis of similar stud-
ies showed a significant reduction in admission in a large
comparison of 50,123 patients [124]. Several other stud-
ies are showing similar findings in many other medical
conditions as well as surgical complaints [125], urological
emergencies [126], and most other emergency depart-
ment visits [127, 128].

All these studies unanimously warn of the dan-
ger of not paying attention to emergencies; while the
decreased admission records could have happened due
to various reasons. The changed use of the emergency
department for the management of COVID-19 cases
might be a reason that raises concerns about the dis-
parities in healthcare. Previously, the concept of health
disparities referred more to social differences and was
addressing ethnicity and cultural minorities in the soci-
ety, but COVID-19 era studies and the results of our
study reveal a new concept of health disparities. Health
disparities are one of the most important issues related
to health policy and economics and are a major prob-
lem in the field of public health and social inequality.
Health disparities are a general term used to denote
the differences, variations, and disparities in access
to health of individuals or groups [129]. While some
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researches show that elderly [130], Black populations,
rural communities, and incarcerated populations [129]
might experience inequality in healthcare; our previ-
ous study about Afghan refugees in Iran as a minor
ethnicity [131] show that the need for active patient
identification and treatment has lead widespread diag-
nostic and therapeutic measures of COVID-19 for
patients with any social, economic, and cultural back-
grounds and now we are facing a different side of the
health disparity. Because the world’s healthcare mar-
ket has been shifted to COVID-19 healthcare, govern-
mental interventions are required to cover services for
all people with other diseases, therefore, the study of
inequality can provide accurate and reliable informa-
tion on how health services are distributed to health
planners and policymakers can determine the popula-
tion groups that use the emergency services the least.
In this study, we found some critical medical conditions
that seem that the population affected by these diseases
is receiving the required services lately; while statistics
of mentioned studies might be showing patient-related
decreased visits. In this study, we focused on patient-
related delayed care-seeking. For this aim, known indi-
cators of delayed healthcare sought were used to assess
the hypothesis. Management of some emergency con-
ditions is very time-critical and the best time to treat
these diseases is called the Golden time or golden hour.
We tried to address these medical conditions by pool-
ing time metrics of patients’ referrals to emergency
centers or in some cases, the final disease outcome that
was showing delayed medical care were also compared
before and during the pandemic. CVA and ACS were
assessed mainly by time metrics. We found 25 studies
that reported data of 7124 subjects experiencing CVA
during the pandemic with more than seventy thousand
subjects before the pandemic, time metrics of patient
referral, and outcome of the rt-PA administration in
proper time has not significantly changed; while as
Fig. 2 shows ecological disparities exist. But, in the ACS
panel, there was an increased symptom onset to admin-
istration time (30.94min, 95% CI:12.919 to 48.966). We
were aware of the possibility of the effect of the pre-hos-
pital emergency care service delays and we also evalu-
ated time to first medical contact that our analyses of
time to first medical contact became worthless due to
the possibility of bias and we were not able to address
this by analytical methods.

Aneurysmal subarachnoid hemorrhage is a life-threat-
ening condition that needs immediate medical atten-
tion. Delayed cerebral ischemia is a common issue that
can lead to poor neurological results. The major cause
of delayed cerebral ischemia is assumed to be cerebral
vasospasm [132, 133]. We found that the presentation of
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SAH cases with vasospasm finding on CT angiography in
comparison of Pre-COVID-19 and COVID-19 cohorts
has shown a significantly higher incidence of vasospasm
during the pandemic (OR=1.575); while the number of
studies included in the meta-analysis is low.

Our study revealed that DKA presentation in newly
diagnosed T1DM patients has tended to get increase fol-
lowing the COVID-19 pandemic. It highlights the need
for appropriate organization of healthcare resources, par-
ticularly for pediatric situations [134].

Due to parents’ concerns about the COVID-19 pan-
demic, visits to medical centers during the quarantine
period may have occurred later than the pre-quarantine
period [135]. Caregivers may mistakenly attribute symp-
toms to COVID-19 rather than DKA, resulting in an ele-
vated severity of illness at the time of presentation with
acute symptom start. Consequently, besides the organi-
zation of healthcare resources, the healthcare system has
to educate patients and their families about life-threaten-
ing conditions and encourage them to look for help when
needed.

Individuals will continue to experience fast metabolic
decompensation, resulting in DKA, if the diagnosis of
DM1 is delayed [136], as we saw during the COVID-19
pandemic. DKA is linked to increased morbidity and
death, and our metanalysis suggests the necessity for
focused public awareness efforts aimed at preventing
DKA upon DM1 diagnosis by recognizing and treating
symptoms early.

The lockdown has affected the availability of treat-
ment services for patients with chronic diseases such as
diabetes. Patients with diabetes have had a short- and
long-term influence on glycemic parameters during
catastrophes, according to previous studies, due to a lack
of medical attention, proper meals, and prescriptions
[137-139].

In other panels, we found a statistically significant
higher perforation rate among acute appendicitis patients
during the pandemic. No significant changes in the rate
of ruptured ectopic pregnancy were seen before and after
the pandemic. Also, rate of orchiectomy rate among tes-
ticular torsion was higher during the pandemic compared
to before COVID-19. While Littman et al. [41] study did
not find any delayed presentation of testicular torsion or
its orchidectomy in comparison to pre-COVID-19years;
our study shows an increased pooled rate of orchidec-
tomy testicular torsion during the COVID-19 pandemic
emergence in the pooled analysis.

Many factors might justify this finding as well as the
fear of COVID-19 infection and delayed referral to medi-
cal centers; There is a lot of unknown about Covid-19
disease for people; Therefore, these factors can be con-
sidered as an anxiety factor and have a negative effect
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on people psychologically. The psychological effects of
the disease on ordinary people are such that the World
Health Organization (WHO) has identified it as a risk
factor for the mental health of society and has issued
guidelines to prevent its destructive effects on the men-
tal health of society [15, 140]. Various studies have shown
that the prevalence of this disease and exposure to bad
news published on social media about it, has increased
anxiety and depressive symptoms, as well as impaired
sleep quality [83]. One of the most vulnerable groups to
bad news is children, and this bad news can increase their
fear and anxiety, and such anxiety can affect their desire
to go to the hospital. Since hospitals are at the forefront
of the fight against this disease; They are one of the most
infected places in terms of the presence of coronavirus
and referring to it for the treatment of other diseases can
be anxious for healthy people. Multiple pieces of research
about pediatric acute appendicitis during the COVID-19
pandemic have clearly shown that staying at home due to
public health safety instructions had a negative impact
on those who had appendicitis. Several published stud-
ies found an increased risk of perforated appendicitis
in pediatric patients during the COVID-19 pandemic
compared with the pre-COVID-19 period [141]. Elec-
tive surgical procedures were discontinued in most cent-
ers during the COVID-19 outbreak. Surgical treatments
were restricted to the treatment of patients who required
immediate surgical or trauma attention. The attempts to
reduce needless traffic through the healthcare institution
resulted in a considerable decrease in emergency room
patient visits. During the COVID-19 pandemic, the med-
ical community noticed a marked increase in prolonged
care for various medical emergencies, including pediatric
surgical emergencies, which was documented in multiple
papers.

Limitations of the study

We only included PubMed as our searching database
that some papers might not get included if being pub-
lished in other indexing databases. While we attributed
our study outcomes of interest to patient-related delayed
healthcare, delay in performance of pre-hospital Emer-
gency services and in-hospital long waiting times may
have affected the study results. Also, delayed or wrong
diagnosis and medical negligence might be the reason for
delayed referral in some cases that are not discussed in
the included papers.

Conclusion

In addition to the dramatic changes that COVID-19 has
posed to the trends of chronic diseases treatment and
elective medical interventions, the treatment of some
very urgent diseases has also been disrupted that is
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directly associated with unfortunate consequences such
as death and disability. In this study, we tried to review
the patterns of emergency medical care during the pan-
demic by focusing on the endpoints that are addressing
delayed healthcare seeking. The reorganization of health-
care resources in response to the COVID-19 epidemic
has resulted in inadvertent neglect of essential care, par-
ticularly in emergency medical circumstances. Follow-
ing the COVID-19 pandemic, delayed care sought has
tended to rise in some medical emergencies, according
to our findings. Success in the early diagnosis of medical
conditions that were addressed by our study (ACS, aneu-
rismal SAH, acute appendicitis, newly diagnosed T1DM,
and testicular torsion) depends to a large extent on peo-
ple being aware of the early and warning signs of these
diseases. It is necessary to comprehensively recall the
community about the fundamentals of sickness symp-
toms, especially for acute diseases. Community educa-
tion should raise the level of public awareness about the
impact of acute medical conditions on health, as well as
changes in the distribution of health resources during a
pandemic or disaster. This should help them to be able
to make decisions about their health even in certain cir-
cumstances. One sector involved in this is pre-hospital
services and telemedicine that should properly guide
people in choosing the best time and best medical center
to refer to. Mass media can also influence people’s health
behaviors and habits and the utilization of health ser-
vices. Achieving all these ideals requires serious attention
to health education in the structure of worldwide health
sectors. Also, COVID-19 induced disparities in the allo-
cation of health resources should be amended.
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