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Objective: To determine the effect of armed conflict and COVID-19 pandemic on the level and trend of surgical volume at Ayder
Comprehensive Specialized Hospital, Tigray, Northern Ethiopia.

Methods: All major surgeries carried out over four consecutive years were included and subjected to an interrupted time-series
analysis called segmented regression analysis to examine the effect of war and COVID-19 on level of and trend changes in major
surgeries. The outcome was measured and estimated that there was a significant change in the number of major surgeries as a result of
the conflict and COVID-19 pandemic compared to the baseline status.

Results: We analyzed 29,877 major surgeries conducted during the study period. The results indicate that, before the beginning of the
intervention period, on average 632 surgeries per month were performed [632.1 (95% CI: 575.8, 688.41)]. Right after COVID-19,
however, this number dropped by 359 patients per month [-359.3 (95% CI: —486.4, —232.2)]. During the war period, the number of
surgeries decreased by 232 patients per month [-232.7 (95% CI: —408.5, —56.9)].

Conclusion: This study revealed that both COVID-19 and the war in Tigray have significantly reduced the number of major surgeries
that could have been carried out in their absence at a large tertiary hospital in Northern Ethiopia.
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Introduction

War has devastating effects for the communities that experience it, and these consequences can last even after the conflict
has ended. The impact is deep and far-reaching, extending beyond the battlefield, country borders and period of active
warfare. In addition to claiming many lives, conflict has the ability to shatter political, economic and social institutions
and adversely affect a nation’s opportunities for sustainable development.'~

During an armed conflict a collapsing healthcare system results in massive human and financial costs both during and
after the conflict. Higher mortality among patients with chronic diseases, permanent disabilities for people with traumatic
injuries, higher rates of maternal and infant mortality, and psychological trauma are some of the consequences of war on
the health system. It is therefore expected that countries that have meet their national goals on health policy find that their
healthcare system is in ruins after experiencing armed conflict.”

Though Tigray was one of the regions which had a relatively good healthcare system in Ethiopia, more than 80% of
the health facilities were destroyed after the devastating war erupted on November 4, 2020.* Among the 40 hospitals that
were providing healthcare services, 21 are now non-functional, 12 are partially functional, although with severe
limitations, and the status of the remaining 7 is unknown as they are under the control of the invading forces.
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Similarly, of the 228 health centers in the region, only 40 (17.5%) are functional, while the remaining 188 are either
completely non-functional, partially non-functional or their status is unknown.’

Curfews and the national state of emergency due to the COVID-19 pandemic affected the pattern of healthcare
services, including surgical procedures.® As a result, the number of surgeries performed at hospitals has declined.®® In
addition to the global burden that COVID-19 imposed on the health system, the fully-fledged war in Tigray, Northern
Ethiopia may also have caused the health system of the region to decline. Therefore, this study presents the impact of the
war and COVID-19 on the level of and trends in major surgeries performed in Ayder Comprehensive Specialized
Hospital.

Methods
Study Area and Period

This study was conducted at Ayder Comprehensive Specialized Hospital, a tertiary hospital in Tigray, Northern Ethiopia.
The hospital serves Tigray and some parts of neighboring Afar and Amhara regional states. The study was conducted
from July 2017 to June 2021 (from July 2017 to February 2020 and March 2020 to June 2021, as pre-intervention and
post-intervention periods, respectively.

Study Design

An interrupted time series design was used.

Population
The study population included all patients who had major surgery between July 2017 and June 2021.

Interventions

In this study we have two unintended interventions: the COVID-19 restrictions and war. In the time sequences, COVID-19
pandemic-related actions were the first intervention deployed by the government after the first COVID-19 case in Ethiopia
was reported, in March 2020. Following the case confirmation, Tigray regional government declared a state of emergency
on 26 March 2020, imposing travel restrictions and other restrictive measures which could limit the movement of people
seeking to visit hospitals. In the analysis, the start of the first intervention, COVID-19 and its restrictions, was therefore
considered to be from April 2020. The second intervention was the war in Tigray, which flared up eight months after the
country confirmed its first COVID-19 case, in November 2020.

Data Collection and Source
The data was retrieved retrospectively from the hospital’s health management and information system (HMIS), which
was collected on a monthly basis for the purpose of health data generation.

Sensitivity Analysis

Following the start of the war, all COVID-19 related restrictions were abandoned by default. In this scenario, sensitivity analysis
was performed considering that COVID-19 and its restrictions had no effect on surgery during the war period. Therefore, we
expect exactly the same finding from the first analysis, except for B, (level change due to war) and trend change after war, 3.

Data Requirements and Measurements

For an interrupted time-series study to be robust, different papers may mention different criteria regarding the number of
data points. Some researchers recommend that one should have at least 12 data points before and 12 data points after the
intervention, with at least 100 observations in each data point.* Others advise that as few as 3 data points pre- and post-
intervention are required.” Some even say there are no fixed criteria as to the number of data points.'® In our case, data
were organized on a monthly basis with 48 sequential measures; 33 of the data points were baseline observations, when
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neither of the two natural courses of the interventions (war and COVID-19 pandemic) occur, and,15 of the data points
were after the interventions took place.

Outcome Measures

Our outcome is count data: number of patients undergoing major surgery in the service areas. The outcomes, measured in
level and trend changes, estimate whether there was a significant change in the number of surgeries performed as a result
of the armed conflict and COVID-19 pandemic compared to their baseline pre-pandemic and pre-war status.

Operational Definition
Major surgery: surgeries that require general or regional anesthesia, involve opening great body cavities, have risk of
severe hemorrhage, put the patient’s life at risk and need postoperative care, and require special anatomical knowledge,
manipulative skills, and specific equipment.

Surgical volume: number of major surgical procedures performed during the study period.

Ethical Considerations

This study complies with the Declaration of Helsinki. It was registered at of the Mekelle University College of Health
Sciences Institutional Review Board (MU-IRB 1964/2022) and the ethics committee has waived the need for informed
consent from patients in retrospective research. Moreover, consent was obtained from the hospital’s HMIS officer and
data of patients was collected anonymously and kept strictly confidential throughout the study.

Results
Descriptions of COVID-19 and War

During the study period, 29,877 patients who attended the operation room for surgery were included in the analyses. The
mean number of patient visits for the baseline was 692 per month. After the COVID-19 pandemic and its containment
measures, this figure dropped by 33.1%. The added effect of war resulted in an even greater percentage decline, at 31.1%
(Table 1).

The Effects of COVID-19 and War

The results indicated that before the beginning of the observation period, on average, there were 632 surgeries per month
[632.1 (95% CI: 575.8, 688.41)], with a monthly increasing baseline trend [3.7 (95% CI: 692, 6.73)]. Right after COVID-19
and its restrictions, the number dropped by 359 patients per month [—-359.3 (95% CI: —486.4, —232.2)]. The level of
surgeries also decreased by 232 patients per month [-232.7 (95% CI: —408.5, —56.9)] during the war period (Table 2 and
Figure 1).

Sensitivity Analysis Findings
Surgical volume is not affected by COVID-19 alone; its containment measures, including travel restrictions and lock-
downs, also had effects. We executed the analysis taking into consideration that COVID-19 restrictions were abandoned

Table | Descriptive Statistics Related to Surgeries Performed Pre and During Intervention,Ayder Comprehensive
Specialized Hospital, Tigray, Ethiopia, 2017-2021 (N=29, 877)

Parameter Intervention Difference (%)

Pre COVID-19 | War COVID-19/Pre | War/Pre War/COVID-19
Total number of surgeries | 22,820 4243 3814
Mean (SD) 692 (79) | 463 (88) 477 (141) | =229 (-33.1%) =215 (-31.1%) | +14 (+3.0%)
Range 580-891 | 332-693 176-698

Abbreviations: SD, standard deviation; COVID-19/Pre, difference during COVID-19 compared to pre-intervention period; War/Pre, difference during
war compared to pre-intervention period; War/COVID-19, difference during war compared to COVID-19.
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Table 2 Segmented Regression Analysis Models Predicting Levels of and Trends in Surgical
Volume, Ayder Comprehensive Specialized Hospital, Tigray, Ethiopia, 20172021 (N=29, 877)

Service Area Coefficient (95% CI) SE t-test P-value
Baseline level, B 632.1 (575.8, 688.4) 279 227 0.000
Baseline trend, B, 3.7 (0.692, 6.73) 1.5 25 0.017
Level change after COVID-19, B, —359.3 (—486.4, —232.2) 62.9 -57 0.000
Trend change after COVID-19, B3 18.9 (—12.5, 50.3) 15.5 1.2 0.230
Level change after war, B4 —232.7 (—408.5, —56.9) 87.1 -2.7 0.011
Trend change after war, B 21.8 (—18.5, 62.1) 19.9 1.1 0.281

Abbreviations: Cl, Confidence interval; SE, Standard error.

after the start of the war. The war caused a substantial drop in surgeries performed compared to the first analysis, where
the impact of COVID-19 was presumed to continue in the same way even after the war broke out. Accordingly, after the
war, the number of surgeries dropped by 460 patients per month (Supplementary Table 1).

Discussion

This interrupted time-series study was intended to evaluate whether the impact of COVID-19 and war had an effect on
surgical service utilization of a tertiary care hospital in Tigray. It found that both COVID-19, with its imposed
restrictions, and war led to an enormous reduction in surgical volume at Ayder Comprehensive Specialized Hospital,
one of the top tertiary hospitals in Ethiopia.

This study revealed that there was a significant change in the mean number of major surgeries performed during the
COVID-19 and war period as compared to the number of surgeries before the incidence of COVID-19 and war in Tigray.
COVID-19 has reduced the mean number of surgeries performed by 33.1%. Similarly, the ongoing war in Tigray has also
affected themajor surgeries which could be conducted in this tertiary care hospital, by 31.1%. This finding complies with
studies from around the world (both developed and developing nations) revealing that COVID-19 has significantly
affected health service utilization."''* Similarly, other international reports agreed with our finding that travel restric-
tions, lockdowns, and quarantine measures to prevent COVID-19 infection had significantly reduced surgical volume.*>
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Figure | Level and trend of surgical volume in Ayder Comprehensive Specialized Hospital, Tigray, Ethiopia, 2017-2021 (N=29, 877).
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In our case, the large reduction in patient visits caused by COVID-19 might have been exacerbated by the
government’s minimal efforts to increase this community’s awareness of preventive measures.'>

Compared to the baseline levels of and trends in surgical volume, the number of patients dramatically decreased by
359 per month, making this finding in line with a systematic review conducted on the effects of COVID-19."!

This study established that health service utilization, which was severely hit by COVID-19 and its restrictions, was further
affected by the war in Tigray. Both the first and second sensitivity analyses uncovered that, following the armed conflict in
Northern Ethiopia, access to major surgical services had significantly diminished by 233 patients, similar to studies conducted
in Syria.'>'® This could be because people who live in a war zone face significant challenges in accessing healthcare services
due to shortages of transport and medical services.'”'® In addition, lack of access to healthcare services could be the main
reason for the decline in the number of surgeries performed and general medical services received, as the fully-fledged war in
Tigray not only interrupted the referral service but also intentionally targeted health facilities and health professionals. Those
who managed to arrive at the tertiary hospital were unable to cover their service costs as there was no access to banks and the

community-based health insurance was not functioning at all since the war broke out.'*"?

Limitation
It is not an easy task to uncover the entire impact of the war on Ayder hospital services. Doing so requires meticulous
investigation while controlling for other important variables which might have positive or negative impacts.

Conclusion

This study disclosed that both the COVID-19 pandemic and the devastating war in Tigray had negative effects on health
service utilization. They have caused an enormous reduction in the surgical services which can be provided at the tertiary
care hospital. The war, in addition to the pandemic, further affected the provision of major surgeries at a tertiary hospital
in Tigray as compared to those conducted during the same period in another tertiary hospital, in Addis Ababa, Ethiopia.?°
COVID-19 has left an assignment for both local and international policy makers, health facilities and other stakeholder to
stay tuned to and prepared to combat any pandemic which could arise at any time before it causes significant damage
to the health system. Moreover, we recommend that the international community ensures that international humanitarian
laws are respected and human rights (such as access to health services) are protected even during war times. We still want
to call on the international community to immediately respond to the catastrophic damage to the health system in Tigray
and provide lifesaving medical supplies to the needy people of Tigray, who are still under siege.”' Therefore, we
recommend that governmental and nongovernmental organizations who are engaged in the health care delivery system
must use innovative systems to overcome any other pandemic- or war-related problems.

Data Sharing Statement
The dataset used and/or analysed during the current study is available from the corresponding author on reasonable
request.
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