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Surgical care providers in these low-resource settings not only have to handle
the inflow of patients generated by the conflict, but also conditions that are not
conflict-related that require surgical treatment, such as incarcerated hernias,
obstructed labor, traumas, and burns (Backstrom et al., 2020). Furthermore,
elective cases will build up over time as demonstrated by Johan von Schreeb
etal. in a conceptual model of the need for hospital resources following
sudden-onset disasters (von Schreeb et al., 2008). For healthcare providers
planning on delivering healthcare in an armed conflict, these issues need to be
taken into consideration.

Epidemiology of Civilians Injured in Armed Conflicts

Several reports have been published describing when and how civilians are
injured in armed conflicts (Jeffrey, 1996; Rautio and Paavolainen, 1988,;
Hinsley et al., 2005). However, most of these reports have limitations in their
methodologies, as they are based on data from a single treatment facility,
retrospectively collected data, inconsistently defined variables, or treatment
needs in relation to gender are not explored. These limitations are effectively
inhibiting the possibility to conduct objective comparisons. Moreover, given
the insufficient infrastructure and access to healthcare in conflicts, it is
reasonable to assume that these reports rarely provide the complete
epidemiological picture. Nonetheless, similar findings have been reported from
different conflicts. This may be best summarized in a review article by
Wild et al. in 2020, where 58,578 patients from 49 contemporary and recent
armed conflicts in 18 countries were analysed (Wild et al., 2020). The patients
consisted of civilians and local combatants. A majority of these patients were
male (79%, range 73-87%) with a median age of 26 years
(IQR 22.8-27.6 years). A substantial portion were under 18 years (35%,
range 17-38%). The mechanism of injury varied depending on whether the
conflict took place in an urban area or not. In urban conflicts,
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Red Cross Wound Score

In the early 1990s, Mr. Robin Coupland, at the time Chief surgeon for ICRC,
devised a system for classifying penetrating wounds, the Red Cross Wound
Score (RCWS). RCWS was intended as a descriptive tool to facilitate triage and
the surgical management of wounds in armed conflicts (Coupland, 1992;
Giannou et al., 2019). To classify a wound according to RCWS, the extent of
the wound (RCWS grade) and type of tissue involved (RCWS type) is assessed
through visual inspection and, if needed, x-ray and assigned to one of twelve
different categories. The grade component corresponds to the energy transfer
to the tissue at the time of injury (Giannou et al., 2019; Coupland, 1992).

The use of RCWS as a predictive tool for resource-related outcomes and
mortality is poorly examined. However, there are compelling reasons to study
if such a relationship does exist. The RCWS is a robust classification system
that does not rely on advanced diagnostic equipment or calculation, making it
suitable for use in trauma care and especially in resource-constrained settings.
Similar to the Injury Severity Score (ISS), RCWS also provides data on injury
severity, which enables measurements of injury- and treatment-specific
outcomes. Unlike many commonly used trauma scores, RCWS does not rely
upon vital parameters, which may reduce the influence of survivorship bias.

Quality Assessment of Surgical Care in Armed Conflicts

Surgical care in low-resource armed conflicts is predominantly experience-
driven. The scientific body of evidence that supports treatment practices and
subsequent outcomes is limited (Wild et al., 2020). Several stakeholders in the
humanitarian surgical field have therefore advocated for the implementation of
a universal data set that would enable systematic evaluations of the care
provided (Chu et al., 2011; WHO, 2021; Meara et al., 2015; Wild et al., 2020).
Parallels have been drawn to the importance that trauma registers in
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Study periods

Paper |
2009-2012

Paper Il

1992-1995 and
2009-2012

Paper 1l

2009-2012 and
2012-2014

Number of
study subjects

Data sources

Main
statistical
analysis

Main
outcome
measures

3,028 patients

Routinely
collected clinical
data

Descriptive,
Chi-square, and
Mann-Whitney U

Differences in
surgical
treatment needs
for females
compared to
men

998 patients

Routinely
collected clinical
data

Logistic
regression
models

Differences in
surgical practices
in 1992-1995
compared to
2009-2012

834 patients

Routinely
collected clinical
data

Logistic
regression
models and ROC
curves

Trauma score’s
predictive ability
for surgical
resource
consumption and
mortality

ROC: receiver operating characteristics.

For all papers (Papers I-11), a statistician was consulted regarding appropriate

statistical methods. Statistical analysis was done using IBM SPSS Statistics

software

version 23-25

(IBM  Corporation,

Armonk, NY, USA).

Non-overlapping confidence intervals (CI) and p-values (two-tailed) less than

0.05 were considered significant in all analyses.
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Conflicts

In the thesis, data from patients injured in two different armed conflicts are
utilized. Both these conflicts are still ongoing. For Papers I-1I, we analysed data
from patients injured in the border conflict between Afghanistan and Pakistan
(the Durand Line conflict). For Paper 111, we also analysed data obtained from
patients injured in the Kivu conflict in the eastern part of the Democratic
Republic of the Congo (DRC). This conflict also involves neighboring
countries, in particular Rwanda.

Afghanistan, DRC, and Rwanda are low-income countries, and Pakistan a
lower middle-income country (Bank, 2012). Life expectancy and income per
capita at the time of data collection are demonstrated in Figure 3. Total health
expenditure per capita for these countries was in the lower quarter of the
world’s countries (WHO, 2012; Bank, 2012). Moreover, the proportion of the
population that has access to safe, affordable surgery and anesthesia is
estimated to be less than 10% (Alkire et al., 2015).
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Therefore, no government of Afghanistan has recognized the legitimacy of the
Durand Line (Qassem and Durand, 2008; Kaura, 2017). The Pakistani
government, on the other hand, views the Durand line as a necessity for
Pakistan’s existence (Kaura, 2017). Consequently, the Durand line has been the
reason for recurring clashes between Afghan and Pakistani security forces,
resulting in injured and killed civilians (Kaura, 2017). The Durand Line conflict
can best be described as an asymmetric war, with civilians being injured by the
use of explosives, grenades, attacks by gunmen, and remote-controlled aerial
bombings on both sides of the Durand Line (Arreguin-Toft, 2005;
Coupland and Korver, 1991).

The Durand line conflict is closely interlinked with the complex internal
conflict in Afghanistan. The Soviet invasion of Afghanistan in 1979 provided
an opportunity for Pakistan to intervene in Afghanistan’s internal affairs
(Kaura, 2017). Supported by the Central Intelligence Agency (CIA), the
Pakistan Inter-Services Intelligence Agency (ISI) aided mujahideen groups to
oppose the Soviet invasion, which subsequently lead to the fall of the Afghan
government in 1992 (Kaura, 2017). The Taliban rule that followed was
supported by Pakistan. Despite this, the Taliban refused to recognize the
Durand Line as the legitimate border (Kaura, 2017). Pakistan’s attempt to stop
Pashtuns from crossing the Durand Line spurred the Taliban to carry out
attacks inside Pakistan (Kaura, 2017). The nature of the internal conflict in
Afghanistan changed again with the U. S. invasion in Afghanistan in 2001 and
the establishment of a democratic government, which forced Taliban members
to escape to remote mountain areas of Afghanistan and to Pakistan. However,
this change of government had little impact on the Durand line conflict as
clashes continued with varying intensity (IKKhan and Wagner, 2013).
On August 30, 2021, the U. S. withdrew its military forces from Afghanistan
and the Taliban once again seized power over Afghanistan. At the time of
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writing this brief, it is unclear what position the new Taliban government will
take concerning the Durand line and in their relations with Pakistan. Most
likely, the Durand Line conflict will continue as the underlying reasons for the

conflict remain unsolved.

The Kivu Conflict (Paper I11)

The conflict in the Kivu province of DRC has its roots in the First Congo War
1993-1997 and the Rwandan Civil War 1990-1994 (Lyall, 2017). In 2004,
following increased tensions, an armed conflict broke out between the Forces
armées de la République démocratique du Congo (FARDC), a Hutu militia
group, and the Democratic Forces for the Liberation of Rwanda (FDLR) in
the southern Kivu province of eastern DRC (Stauss, 2005). At later stages,
Tutsi rebel forces (National Congtress for the Defence of the People, CNDP)
and several local armed groups, the largest group being the Mouvement
du 23 Mars (M23), got involved (Lyall, 2017). The conflict is driven mainly by
rights to mineral resources in the region (Autesserre, 2010; Lyall, 2017). The
use of children as soldiers and systematic rapes have been frequently reported
(Rakisits, 2009; Peterman et al., 2011). Compared to the conflict along the
Durand Line, fewer injures from indiscriminate weapons such as grenades,
bombs, and anti-personnel mines have been observed (Chu et al., 2010,
Andersson et al., 2018; Haverkamp et al., 2019).

16



Hospitals

The Durand Line and Afghan Conflict (Papers I-IIl)

In response to the conflict in Afghanistan and at the Durand Line, the ICRC
opened its first hospital 60 kilometers from the Afghanistan border in
Peshawar, northwestern Pakistan, in 1981. This was followed by the opening
of another hospital in Quetta, 80 kilometers from the border and 840 km south
of Peshawar, in 1983 (Figure 4). Both hospitals closed in the 1990s, but due to
the intensification of the conflicts in the border area, the Peshawar hospital was
reopened in 2009 and remained operational until 2012, and finally closed
in 2014. The hospital in Peshawar had 116 beds, three operating rooms, a
laboratory, X-ray service, blood bank, and basic ICU (Haverkamp et al., 2019).
The hospital in Quetta had 150 beds, one operation theatre with three operation
tables, a laboratory, X-ray service, and a blood bank (Haverkamp et al., 2019).
Both hospitals had access to rehabilitation centers for training and prosthesis
fitting (Haverkamp et al., 2019). Patients were not asked whether they were
combatants or civilians. Together with some small facilities run by
non-governmental organizations (NGOs), the ICRC hospitals were the only
hospitals at the time providing surgery for weapon-wounded regardless of
origin, completely free of charge. Public hospitals did provide initial surgical
care for free but were difficult to access for others than Pakistanis.

17
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Main Findings and Discussion

Descriptive Findings (Papers I-lll)

Characteristics of the patients included in Papers I-1II are shown in Table 3.
Consistent with reports from other armed conflicts, most patients were male
in their mid-twenties and arrived at the hospital more than six hours after the
injury (Wild et al., 2020; Haverkamp et al., 2019; Forrester et al., 2019). Injuries
caused by indiscriminate weapons were more frequent in patients treated in
Peshawar compared to Goma. This finding is consistent with the previously
described differences in weapons used in these conflicts. Even though a
substantial share of the patients treated in Peshawar between 2009—2012 were
injured by indiscriminate weapons, only 5% of the patients had injuries caused
by anti-personnel mines (APM). This figure contrasts sharply with figures
reported from the beginning of the 1990s, where 48% of all weapon-wounded
from the same area in northwestern Pakistan and neighboring Afghanistan
were injured due to mines (Jeffrey, 1996). Consistent with this, we also noted a
higher number of APM-related injuries in the cohort of the patients treated for
extremity injuries in Quetta 1992-1995, analysed in Paper II (19% of the
patients). The potential decline in APM-related injuries between 1992-1995
and 2009-2012 is most likely a favorable result of the global work against
landmines, launched by the ICRC, resulting in the Ottawa treaty in 1997 that
prohibiting their use (UN, 1997). Less than 20% of the patients analysed in
Papers I-11I were subjected to any major surgery, and in-hospital mortality was
under 5% in all the studied cohorts. The low in-hospital mortality, absence of
need of major surgery, coupled with that most patients arrived more than

six hours after the injury, indicates potential survivorship bias.
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Females were more likely to be injured by indiscriminate weapons
than men and had more extensive surgical treatment needs
(Paper I)

A total of 3,028 patients (378 females) were treated for weapon-related injuries
at ICRC hospital in Peshawar during the period 2009-2012. 12.4% of the
treated patients were females. This contrasts sharply with reports from other
armed conflicts where females have constituted up to 43% of the treated
patients (Trelles et al., 2015; Tounsi et al., 2019). The observed difference may
be explained by the fact that ICRC facilities are devoted to only treating patients
with weapon-related injuries, whereas other healthcare facilities in conflict areas
may also treat patients with conditions that are not weapon-related.

In our material, females were injured by fragments from mortars and bombs
significantly more often than males. These weapons are indiscriminate by
nature and have in several previous reports been demonstrated to affect
civilians to a  proportionally  greater extent than combatants
(Guha-Sapir et al., 2015; Hicks et al., 2011; Coupland and Samnegaard, 1999).
Furthermore, females arrived sooner after the injury, had more altered vital
parameters, required more surgical procedures per person, and were given
more blood transfusions than the males. They were also subjected to more
surgical procedures involving the skull, thorax, and abdomen. This is consistent
with a report from Coupland from the same area where he suggested that
females injured at a greater distance from the ICRC hospital with less severe
injuries were never transported to the hospital (Coupland and Korver, 1991).
This could possibly indicate that the females represent a different cohort of
weapon-wounded than that of males. Most likely, the female cohort comes
from areas closer to the hospital than the male cohort. Given the shorter
transportation time to the hospital, they were more likely to survive more
severe injuries than males.
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In low-resource conflict settings the risk of amputation was
unchanged over time (Paper Il)

Consecutive data from 535 patients treated in 2009-2012 and 463 patients
treated in 1992-1995 were analysed. After adjusting for confounders,
particularly the degree of tissue damage, no difference in amputation-risk could
be detected between 1992-1995 and 2009-2012, nor were there any statistically
significant differences in the use of debridement/change of dressing, length of
hospital stay, or in-hospital mortality. However, the use of external fixation,
split skin graft, and blood transfusion had declined in 2009-2012. There are
several plausible explanations for the observed differences in surgical
procedures between the two periods. Surgeons deployed by the ICRC during
both periods were predominantly general surgeons from high-resource
countries (personal communication with the ICRC health unit). Their
familiarity with basic orthopaedic, plastic, and vascular surgery may have varied.
This is especially true for the later period as current trends in surgical training
in high-resource countries have favoured subspecialisation with specific rather
than general skill sets (Stitzenberg and Sheldon, 2005). In a recent survey
among ICRC healthcare staff on self-perceived training needs, 31% requested
additional training in fracture surgery, 20% in reconstructive surgery and
19% in vascular surgery (Haverkamp et al., 2018). This, together with our
findings, indicates that the pre-deployment preparation and international team
composition should be adjusted to address context varying injuries better.

RCWS predicted surgical resource consumption better than KTS
and RTS (Paper Ill)

When comparing RCWS with KTS and RTS, commonly used trauma scores in
non-conflict settings, RCWS had a better ability to predict surgical resource
consumption. This is consistent with previous studies that have demonstrated
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an association between RCWS and the need for surgery, in-hospital
amputation, and blood transfusions (Coupland, 1993; Hinsley et al., 2005;
Muhrbeck et al., 2019). Furthermore, in a study from our group, RCWS
correlated with the number of surgeries, blood transfusions, and hospital stay
in paediatric patients with weapon-related extremity wounds (van Gennip
et al., 2020). The better predictive ability for RCWS, compared to KTS and
RTS, might not be surprising since both the former scores were designed to
predict mortality following trauma (Champion et al., 1989; Kobusingye and
Lett, 2000). However, to our knowledge, no instrument or trauma score has
yet been validated to measure surgical resource use in conflict settings.

Consistent with other studies from armed conflicts, a low in-hospital mortality
was observed (Trelles et al.,, 2016; Haverkamp et al., 2019). In the logistic
regression analysis, none of the components of RCWS, KTS, and RTS were
found to be significant predictors for in-hospital mortality. However, when
performing the logistic regression analysis with imputed data, RCWS had
significantly better predictive ability for in-hospital mortality than KTS and
RTS. The inferior performance of KTS and RTS in the present study could be
explained by survivorship bias. The low in-hospital mortality and that more
than 90% of the patients in our material arrived more than six hours after the
injury occurred supports this assumption. The conclusion that RCWS has
better predictive ability for in-hospital mortality than KTS and RTS in conflicts
must therefore be made with caution.

Ethical Considerations

The data utilized in the thesis (Papers I-11I) emanates from areas with ongoing
armed conflict where academic institutions are non- or malfunctioning, making
local ethics approvals impossible to obtain. Furthermore, as these studies are
secondary analyses of previously collected non-identifiable quality control data
from ICRC-operated hospitals, local ethics approvals and consents were not
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