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Abstract

Objective: Among natural disasters, earthquake is associated with heavy fatalities and financial
damages, causing considerable mortality. The complications resulting from getting trapped in
rubble, secondary traumas, obligation to reside in temporary shelters, along with other factors
such as limited mobility, stress, and dehydration, predispose earthquake survivors to Deep Vein
Thrombosis (DVT). The aim of the present study is to investigate the rate of DVT after an
earthquake using a systematic review and meta-analysis.

Methods: To perform the present study, the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guideline was used. The protocol of this review study has been
registered in the International Perspective Register of Systematic Review (PROSPERO) with the
code of CRD42021290375. Credible data resources including PubMed, Scopus, Web of Science,
Science Direct, Google Scholar, Magiran, SID, and Embase were used for extracting relevant
studies. Random effect model was used to perform the meta-analysis. I? was ritualized to
investigate heterogeneity across the studies. Publication bias of studies was evaluated using
the Begg test.

Results: In this study, 267 primary studies were identified and extracted. After removing the
duplicate ones and the screening, eventually 1 final studies were chosen for the meta-analysis.
Based on the meta-analysis results, the total rate of DVT was 9.07% (95% confidence interval
[CI]: 7.32-10.81; I* = 97.9%; P=0<0.001). Analysis of DVT in the subgroups of the general
population and patient survivors were 11.43% (95% CI: 9.06-13.79; I> = 98%; P = 0<0.001)
and 2.51% (95% CI: 0.04-4.63; I* = 77.7%; P = 0.001). Also, based on the Begg test, the publi-
cation bias in the chosen studies was not considerable.

Conclusions: DVT rate in earthquake survivors is higher compared with other disasters, and
over time it finds a growing trend. After earthquake, the focus of rescue and health-care teams is
on individuals with observable injuries and damages. Because DVT is first asymptomatic but
has fatal consequences, including pulmonary embolism and sudden death, it should be incor-
porated in health’s status assessment of earthquake-stricken people as well as screening and
diagnostic programs of health-care providers.

Among natural disasters, earthquake is associated with heavy casualties and economic damages
because of the damages that are incurred to the infrastructure and lifelines, causing considerable
mortality.! Sudden occurrence, the nature of the risk, type of trauma that occurs, alongside
destruction of infrastructures and hence loss or inefficiency of health-care diagnostic services
increase the probability of mortality of the injured and victims of earthquake.>* Due to the
nature of the earthquake and the damage to residential buildings, most of the injuries to affected
people are severe soft tissue injuries, musculoskeletal injuries, and physical injuries such as crush
and compartment syndrome, fractures and trauma caused by falling debris, and being trapped
under debris and prolonged immobility. But for those who survive this stage, there are still
health risks.*® Based on the studies, in addition to physical injuries and trauma resulting from
earthquake, the incidence of cardiovascular disease including hypertension, myocardial infarc-
tion, heart failure, and Deep Vein Thrombosis (DVT) increases in earthquake survivors.® The
complications resulting from secondary traumas and absence of emergency health-care services
on the 1 hand and the obligation to reside in cars or emergency shelters with high population
density alongside factors, such as stress, little rest, and not consuming water because of lack of
access to water or shortage of drinking water, all provide conditions to predispose the survivors
to DVT.”? DVT occurs when a thrombus (blood clot) forms in the deep veins of the body
(usually in the lower limbs). This thrombosis can cause leg inflammation or pain, although
it can be sometimes asymptomatic.!” The displacement and movement of the blood clot toward
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the heart and then its entrance to pulmonary artery cause the clot
to be entrapped in pulmonary arteries, which is known as
Pulmonary Embolism (PE). PE is the most common complication
of DVT.!12 Hence, in earthquake-stricken people and those who
are subject to trauma, the risk of developing DVT and then PE is
very high.'” In the study by Ueda et al., regarding the prevalence of
DVT among residents in temporary accommodation shelters
following earthquake in the east of Japan, it was found that
2.2% of the injured people developed DVT, which is 200 times
higher than the rate of this disease under normal conditions in
Japan.!* The report of increasing cases of PE and sudden death
in the injured people because of Niigata-Chuetsu earthquake in
2004 caused the Japan’s health-care managers to set DVT diagnosis
and treatment screening programs in their agenda to reduce the
probability of mortality of the injured and survivors of the earth-
quake because of thromboembolism."* Lack of preparation and
planning by the health-care system to confront the detrimental
consequences of natural disasters especially in low- and middle-
income countries cause the health status of the public to be
affected, whereby the crude mortality rate index increases.!>!®
Conducting research and investigating patterns of diseases as well
as the resulting injuries caused by earthquake can play a key role in
planning to mitigate the detrimental consequences of disasters.'”
In recent years, different field studies have been performed on
examining the rate of DVT post-earthquake. However, after a
comprehensive search, no study was found that has generally
investigated all studies and reports of the total rate of DVT
post-earthquake. Thus, the present study as the first systematic
review and meta-analysis has dealt with exploring all studies
performed in this regard. The findings can then be helpful in
health-care policy-making and for planning to enhance the aware-
ness of health-care providers as well as to reduce the harmful
consequences of earthquake among the public.

Methods

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guideline was used for performing the present
review study.'® The protocol of this review study has been recorded
in International Perspective Register of Systematic Review
(PROSPERO) under the code of CRD42021290375.

Search Strategy

In this review study, to search and extract the relevant studies,
English and Persian references including PubMed, Scopus, Web
of Science, Science Direct, Google Scholar, Magiran, SID, and
Embase were used. The searches were performed in Persian and
English languages without time constraint until the end of
December 2021. For the search, valid English keywords as well
as their Persian equivalents including “Phlebothrombosis”,
“Venous Thromboses”, “Deep Vein Thrombosis*”, “Deep-
Venous Thrombosis*”, “Deep-Vein Thrombosis*”, “Deep
Venous Thrombosis*”, Earthquake*, “Natural Disaster*” were
used. Also, to develop the search strategy, keywords, search fields,
and different types of operators were used. The developed search
strategy has been mentioned in PubMed as follows, with Table 1
mentioning the search strategy in other types of databases.

The search strategy of PubMed included the following:
(Phlebothrombosis* OR “Venous Thromboses” OR “Deep
Vein Thrombosis*” OR “Deep-Venous Thrombosis*” OR
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Table 1. Search strategy in different types of databases

PubMed ((Phlebothrombosis* OR “Venous Thromboses” OR “Deep
Vein Thrombosis*” OR “Deep-Venous Thrombosis*” OR
“Deep-Vein Thrombosis*” OR “Deep Venous
Thrombosis*”) AND (Earthquake* OR “Natural Disaster*”))

((ALL(Phlebothrombosis*) OR ALL(“Venous Thromboses”)
OR ALL(“Deep Vein Thrombosis*”) OR ALL(“Deep-Venous
Thrombosis*”) OR ALL(“Deep-Vein Thrombosis*”) OR
ALL(“Deep Venous Thrombosis*”)) AND (ALL(Earthquake*)
OR ALL(“Natural Disaster*”))),

((TS=(Phlebothrombosis*) OR TS=(“Venous Thromboses”)
OR TS=(“Deep Vein Thrombosis*”) OR TS=(“Deep-Venous
Thrombosis*”) OR TS=(“Deep-Vein Thrombosis*”) OR
TS=(“Deep Venous Thrombosis*”)) AND (TS=
(Earthquake*) OR TS=(“Natural Disaster*”)))

Scopus

Web of
Science

“Deep-Vein Thrombosis*” OR “Deep Venous Thrombosis*”)
AND (Earthquake* OR “Natural Disaster*”) (Table 1).

Inclusion and Exclusion Criteria

The inclusion criteria were studies that had reported rate of DVT
among earthquake survivors (general population and patients) in
Persian and English. Exclusion criteria included review studies,
interventional studies, letter to editor-in-chief, lack of access to full
text papers, studies other than Persian and English, studies that had
reported rate of DVT among the victims of disasters other than
earthquake, and the studies that had reported Venous
Thromboembolism (VTE) and PE following earthquake.

Selection of Studies

EndNote 7 software was used for managing the references. For this
purpose, all initially identified studies were introduced into this
software, and after removing the duplicate cases, 193 papers were
screened in terms of title and abstract. Next, 2 researchers inde-
pendently investigated the full text of 24 possibly relevant studies,
and eventually chose 12 studies for qualitative assessment. Any
disagreement between the 2 researchers was resolved through a
third person.

Quality Assessment and Data Extraction

At this stage, 2 researchers independently performed quality
assessment of the chosen studies through Appraisal tool for
Cross-Sectional Studies (AXIS) tool.!® This tool has a score range
of 0-20, whereby the studies acquiring higher scores were included.
For data extraction, 2 researchers independently and using an
already prepared checklist extracted the required information
including name of first author, place of study, year of study, year
of earthquake, sample size, the number of women and men, site of
screening, type of survivors, follow-up time, and rate of DVT. At
these 2 stages, again any disagreement between the 2 researchers
was resolved through a third researcher.

Statistical Analysis

> index was used to investigate heterogeneity across studies.
Heterogeneity values less than 25%, 25-50%, 50-75%, and above
75% represent no heterogeneity, average heterogeneity, high
heterogeneity, and very high heterogeneity.?’ Random effect model
and subgroup analysis were used to reduce heterogeneity and
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Figure 1. Flowchart of the selection of studies based on PRISMA.

identify the cause of heterogeneity across the studies. Sensitivity
analysis was used to evaluate the effect of each study on the final
results. The Begg test was used for examining publication bias in
the study. To explore the relationship between year of earthquake
and follow-up time as well as DVT rate, meta-regression was used.
The data were analyzed by STATA 14 software.

Results
Results of Systematic Review

Based on the preliminary search, 267 papers were identified, and
after removing the duplicate cases, 193 were screened. After the
screening, 24 papers were chosen to examine their full text, and
eventually 12 studies were chosen after quality assessment and then
introduced into the meta-analysis stage (Figure 1). The results of
quality assessment based on the AXIS tool were in the range of
13-18. In this study, 16795 individuals affected by the earthquake
were screened in terms of DVT; 1830 of them were male and 5401
females. Also, among them were 1735 patients (with spinal cord
injuries and fractures) and the rest were the general population.
Follow-up time was considered from the time of the earthquake
to the DVT screening. Since in most studies, follow-up time was
considered in terms of weeks, in the present study, follow-up time
in terms of weeks was considered. All included studies had
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observational methodology. All studies had been performed
between 2006 and 2021. From among the 12 included studies,
7, 3, 1, and 1 had been performed in Japan, Pakistan, China,
and Nepal, respectively (Table 2). In all studies, ultrasound had
been used for diagnosing DVT.

Subgroup Analysis

Based on the meta-analysis results, the total rate of DVT
was 9.07% (95% confidence interval [CI]: 7.32-10.81; I = 97.9%;
P=0<0.001) (Figure 2). Subgroup analysis based on the type of
survivors showed that rates of DVT the among the general
population and patient survivors were 11.43% (95% CI: 9.06-
13.79; 12=98%, P=0<0.001) and 2.51% (95% CI: 0.04-4.63;
> =77.7%; P=0.001), respectively (Figure 2). I* index indicated
that in reporting the total rate of DVT, the heterogeneity of studies
has been very high.

Publication Bias and Meta-Regression

Based on the results of the Begg test (P =0.516), the publication
bias was not considerable (Figure 3). According to the meta-
regression results, there is an increase in the DVT rate in terms
of the variables of follow-up time and year of the earthquake
(Figures 4 and 5).


https://doi.org/10.1017/dmp.2022.268

Table 2. Characteristics of studies chosen for meta-analysis

A Sahebi et al.

Ueda®® (2012) 2011 Japan - - - 3871 2.82% 8 Flooded shelters
3155 1.68% 8 Non- Flooded
shelters
541 3.33% 16 Flooded shelters
1063 0.94% 16 Non- Flooded
shelters
Ueda?! (2014) 2011 Japan 67.7 227 474 371 34.2% 20 Flooded shelters
330 19.1% 20 Non- Flooded
shelters
Shibata?? (2017) 2011 Japan 71 (9.7) 682 2,634 1312 9.9% 56 Temporary housing
1150 12.7% 164 Temporary housing
854 13.5% 212 Temporary housing
Onishi?® (2020) 2011 Japan 71.9 (7.9) 64 226 149 10.7% 176 Temporary housing
141 9.9% 176 Non- Temporary
housing
Majeed?* (2006) 2005 Pakistan 40 - 30 30 3.3% 20 Hospital
Rathore®® (2008) 2005 Pakistan 28.3 (12.4) 80 107 187 4.8% 13 Hospital
Dan?® (2010) 2008 China - - - 1207 24% 6 Hospital
Taugir?’ (2007) 2005 Pakistan - 50 144 194 1.54% 8 Hospital
Shibata?® (2014) 2011 Japan 70.6 (12.7) 174 95 269 24% 5 shelters
Sato® (2019) 2016 Japan 70.4 (14) 448 1225 1673 10.6% 4 Evacuation centers
Onishi?® (2022) 2016 Japan 73.9 (11.6) 40 141 42 14.3% 3 Shelters
65 18.5% 32 Temporary housing
74 12.2% 76 Temporary housing
Groves® (2017) 2015 Nepal 36 (16.4) 52 65 117 6% 55 Rehabilitation Centre

Sensitivity Analysis

The results of the sensitivity analysis showed that the elimination
of a study at a time had no effect on the overall results. Therefore,
the study results are stable and robust (Figure 6).

Discussion

This review study dealt with examining DVT rate following earth-
quake, whereby 12 studies underwent meta-analysis. The study
results showed that the total rate of DVT following earthquake
was reported 9.07%. The results of a study examining DVT rate
following earthquake in Italy in 2012 reported DVT rate of
11%.%! The results of a study in China showed that the incidence
of DVT among burn patients was 1.8%.%? Another study in 2016 in
the United States examining the rate of incidence of DVT among
orthopedic traumatic patients between 2006 and 2013 reported
DVT rate of 0.84%.>* PE has been one of the consequences of
DVT, and the results of a study in 2013 showed that around
33.5% of DVT patients experience PE, and PE is one of the
common causes of mortality.****> Meanwhile, the most important
strategy in DVT is prevention, and the most important preventive
measure is pharmacotherapy and rehabilitation. Other preventive
measures in DVT include active exercise, walking, massage, and
elastic socks.*® Furthermore, other factors affecting incidence of
VTE including age, familial history, and patient’s weight should
also be considered.”” In investigating the results of studies with
the present study, it can be concluded that DVT rate has been
higher among earthquake victims compared with other injuries.
Meanwhile, the severity and extent of physical injuries of

https://doi.org/10.1017/dmp.2022.268 Published online by Cambridge University Press

earthquake have been greater than in other incidents. Thus,
possibility of damage to veins exists both directly and indirectly
following earthquake, and there is risk of thrombosis. Because
DVT causes PE and the risk of mortality is high among these
individuals, health-care providers should, in addition to providing
life-saving care during the acute phase, also examine the lower
limbs in terms of DVT signs, and if required take the necessary
preventive measures.

The results of the present study showed that the rate of DVT in
patients (2.51%) is lower than the general population (11.43%), a
possible cause could be receiving anticoagulants in patients prone
to DVT as soon as they are hospitalized. Thus, receiving prophy-
lactic drugs reduces the risk of DVT in them compared with the
general population. Also, the results of the present meta-regression
showed that the DVT rate had an upward trend in terms of follow-
up time and year of earthquake. The results of a study in 2021 in
Japan to explore the rate of DVT among flood victims between
2017 and 2019 showed that the DVT rate did not have an
ascending trend; various factors including place of residence of
the evacuees who had been away from the destructive regions as
well as active DVT screening have been among the reasons of this
non-ascending trend.*® Also, the results of another study in the
United States showed that tornado had no effect on increasing
the rate of DVT.* Comparative examination of the studies shows
that the results of the performed studies have not been line with the
present study, and DVT trend has been ascending in earthquake,
while not being increasing in other natural disasters. This may be
because physical injuries, fractures, crush syndrome, and compart-
ment syndrome are greater in earthquake compared with other
natural disasters such as flood and tornado.** These damages
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Study %
ID ES (95% ClI) Weight
General Population |
Onishi (2020) —t— 0.1070 (0.0574, 0.1566) 4.10
Onishi (2020) —e— 0.0990 (0.0497, 0.1483) 4.12
Onishi (2021) —_—— 0.1430 (0.0371, 0.2489) 1.88
Onishi (2021) —— 0.1850 (0.0906, 0.2794) 2.19
Onishi (2021) —— 0.1220 (0.0474, 0.1966) 2.89
Sato (2019) = 0.1060 (0.0912, 0.1208) 5.88
Shibata (2017) nal 0.0990 (0.0828, 0.1152) 5.83
Shibata (2017) - 0.1270 (0.1078, 0.1462) 5.71
Shibata (2017) - o 0.1350 (0.1121, 0.1579) 5.55
Shibata (2014) ! —_— 0.2400 (0.1890, 0.2910) 4.03
Ueda (2012) ¢ 0.0282 (0.0230, 0.0334) 6.11
Ueda (2012) 04 | 0.0168 (0.0123, 0.0213) 6.12
Ueda (2012) - 0.0333 (0.0182, 0.0484) 5.87
Ueda (2012) * ! 0.0094 (0.0036, 0.0152) 6.10
Ueda (2014) I —— 0.3420 (0.2937, 0.3903) 4.18
Ueda (2014) L ——— 0.1910 (0.1486, 0.2334) 4.51
Subtotal (I-squared =98.0%, p = 0.000) ,0 0.1143 (0.0906, 0.1379) 75.08
]
Patient |
Dan (2010) g | 0.0024 (-0.0004, 0.0052)6.13
Groves (2017) — 0.0600 (0.0170, 0.1030) 4.47
Majeed (2006) -T& 0.0330 (-0.0309, 0.0969) 3.37
Rathore (2008) -, 0.0480 (0.0174, 0.0786) 5.16
Taugir (2007) - 0.0154 (-0.0019, 0.0327)5.79
Subtotal (I-squared =77.7%, p = 0.001) < X 0.0251 (0.0040, 0.0463) 24.92
1
Overall (l-squared =97.9%, p = 0.000) ¢ 0.0907 (0.0732, 0.1081) 100.00
NOTE: Weights areI from random effects analysisI ! I
-.39 0 .39

Figure 2. DVT rate and 95% confidence interval for each of the examined studies and all studies. The point in the middle of each line segment indicates the rate of DVT, and the
length of the line segment represents 95% confidence interval.

Begg's funnel plot with pseudo 95% confidence limits

DVT

s.e. of: DVT

Figure 3. Publication bias based on the Begg test.
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Figure 5. Meta-regression of DVT rate based on year of incidence of earthquake.

alongside lack of mobility, dehydration, and improper release
from rubble, which sometimes causes permanent disabilities
such as spinal cord injury, have caused increased risk of DVT.
Accordingly, the possibility rate of DVT following earthquake
increases, and these factors can justify the ascending trend of
DVT post-earthquake. Thus, it seems that, in addition to noti-
fying health-care providers in earthquake-stricken regions,
preventive measures should be taken for reducing rate of DVT
and the injured individuals as well as earthquake survivors should
be screened in this regard. Hence, conducting proper research
and increasing the awareness as well as knowledge about the

https://doi.org/10.1017/dmp.2022.268 Published online by Cambridge University Press

damages and injuries resulting from earthquake can be an impor-
tant factor in planning and mitigating the consequences resulting
from earthquake in the affected population. One limitation of the
present study was high heterogeneity across the studies, which
was somehow mitigated through subgroup analysis. Another
limitation was not reporting the DVT rate per gender, and as such
it was not possible to calculate it in terms of gender. Another limi-
tation was low distribution of the studied countries; the studies
had been performed in only 4 countries. It is suggested to
investigate the rate of DVT among earthquake victims in all
earthquake-prone countries.
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Figure 6. Sensitivity analysis for the post-earthquake DVT rate.

Conclusions

The results of this review study indicated that the DVT rate has
been higher among earthquake victims compared with other
disasters. Meanwhile, over time, the DVT rate following earth-
quake has had an ascending trend. Following occurrence of earth-
quake, the focus of the rescue and health-care teams is on the
individuals with observable injuries and damages. On the other
hand, the conditions promote higher rate of DVT among earth-
quake survivors because of various risk factors such as trauma, long
immobility, remaining under rubble, and dehydration. Meanwhile,
DVT is initially asymptomatic, but it has fatal consequences such
as pulmonary embolism and sudden death. Thus, it should be
incorporated in the assessment of the health status of earth-
quake-stricken people as well as screening programs by health-care
providers.
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