
ORIGINAL SCIENTIFIC REPORT

Surgical Needs at the End of the Battle of Mosul: Results
from Mosul General Hospital
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Abstract

Purpose The aim of the study was to analyze the surgical needs of patients seeking emergency care at the Mosul

General Hospital in the final phase of the battle of Mosul in northern Iraq between an international military coalition

and rebel forces. During the conflict, the International Red Committee of the Red Cross (ICRC) supported the

hospital with staff and resources. Ceasefire in the conflict was declared at the end of July 2017.

Methods Routinely collected hospital data from the ICRC-supported Mosul General Hospital from June 6, 2017, to

October 1, 2017 were collected and analyzed retrospectively. All patients with weapon-related injuries as well as all

patients with other types of injuries or acute surgical illness were included.

Results Some 265 patients were admitted during the study period. Non-weapon-related conditions were more

common than weapon-related (55.1%). The most common non-weapon-related condition was appendicitis followed

by hernia and soft tissue wounds. Blast/fragment was the most frequent weapon-related injury mechanism followed

by gunshot. The most commonly injured body regions were chest and abdomen. Children accounted for 35.3% of all

weapon-related injuries. Patients presented at the hospital with weapon-related injuries more than 2 months after the

official declaration of ceasefire. A majority of the non-weapon-related, as well as the weapon-related conditions,

needed surgery (88.1% and 87.6%, respectively). Few postoperative complications were reported.

Conclusions The number of children affected by the fighting seems to be higher in this cohort compared to previous

reports. Even several months after the fighting officially ceased, patients with weapon-related injuries were pre-

senting. Everyday illnesses or non-weapon-related injuries dominated. This finding underlines the importance of

providing victims of conflicts with surgery for life-threatening conditions, whether weapon related or not.
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fbm.nrk@gmail.com

1 Department of Clinical and Experimental Medicine,
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Introduction

Civilians are often severely affected by armed conflict and

have constituted 30–51% of the victims in recent conflicts

[1]. Reports from Syria suggest that civilian deaths con-

stitute over 70% of the total deaths. Civilians are often

injured by explosive weapons such as mortars, grenades,

missiles, bombs, and mines which have been widely used

in Syria since 2011 [1–3]. These types of weapons are hard

to direct at specific military objectives and the effects are

difficult to limit. They are often referred to as indiscrimi-

nate weapons. When used in densely populated areas and/

or in close proximity to civilians, the effects are often

severe. While combatants are protected from such weapons

with armored vehicles, fortifications, and personal protec-

tion equipment, civilians are not. The widespread use of

these devices has successively increased civilian deaths

and injuries in this conflict [2, 4]. In 2011, deaths of chil-

dren constituted approximately 9% of war-related deaths in

Syria. In 2016, this had increased to over 23% [2].

The Battle of Mosul, Iraq’s second-largest city, offi-

cially raged from October 16, 2016, to July 9, 2017. Over

these 9 months, more than 940,000 civilians fled the city

[5]. At least 30,000 government-led forces, backed by an

international coalition, fought to retake the city from the

insurgent fighters. The fighting was intense and has been

described as the largest urban siege since World War II.

Civilians trapped within the city between the opposed

fighting forces faced sniper fire from the insurgents, mortar

and artillery shelling from both sides, and coalition air-

strikes [6, 7].

When the battle began, the World Health Organization

(WHO) coordinated a complex operation where trauma

pathways, modeled after military trauma systems involving

several levels of care, were organized. This included

trauma stabilization points (TSPs) located close to the

actual fighting, ideally within 10 min from the frontline,

ambulance services, and medical facilities (field hospitals),

ideally within an hour’s drive. These TSPs, ambulance

services, and medical facilities were operated and staffed

by both non-governmental organizations (NGOs) and pri-

vate, for-profit medical companies. The TSPs were oper-

ated by NYC Medics and the different field hospitals by

Aspen Medical, Samaritan’s Purse, Médecins Sans Fron-

tières (MSF), and the International Committee of the Red

Cross (ICRC) [7].

Indiscriminate weapons such as landmines, unexploded

ordnance (UXO), and improvised explosive devices (IED)

often continue to claim lives and cause injury long after an

armed conflict has officially ended. In order to understand

medical needs at the end of an intense battle in a densely

populated area such as Mosul, we analyzed routinely

collected hospital data from ICRC-supported Mosul Gen-

eral Hospital from June 6, 2017, to October 1, 2017. The

ICRC is a neutral and independent humanitarian organi-

zation based in Geneva, Switzerland that impartially pro-

vides assistance to victims of war and other situations of

violence by deploying specialized staff and other resources

in conflict zones around the world.

The aim of this study was to define patterns of injury and

surgical conditions affecting the population of Mosul. We

also wanted to study the type of treatment given to sick and

injured patients admitted to the ICRC-supported hospital in

Mosul during the final stages as well as after the official

end of the battle of Mosul from June 2017 to October 2017.

Patients and methods

All surgical patients admitted to the ICRC-supported

Mosul General Hospital from June 6, 2017, to October 1,

2017, were included. Patients with weapon-related injuries

as well as patients with other types of acute surgical illness

were admitted. Patients with obstetric and obvious major

orthopedic conditions and no other life-threatening injuries

and need for acute surgery were referred to other medical

facilities and were therefore not included.

Information was retrospectively obtained from patient

files regarding sex, age, time since injury, mechanism of

injury, and body region affected. Treatment given whether

weapon-related condition or not, as well as outcome

defined as in-hospital death or discharge, were noted.

Diagnosis at discharge was also noted. Whether patients

were combatants or civilians could not be determined from

the patient files. In keeping with previous reports from

ICRC patient cohorts, patients younger than 16 years of

age were classified as children and patients 16 years and

older as adults [8].

Statistical methods

Statistical analysis was done using IBM SPSS Statistics

software version 24 (IBM Corporation, Armonk, NY,

USA). Values are given as median (IQR) when applicable.

Comparison between groups was done by cross-table anal-

ysis (Chi 2) or nonparametric tests (Mann–Whitney U)

when appropriate. The significance level was set to

p\ 0.05 two-tailed test.

Results

The total number of patients admitted according to the

admission criteria at the Mosul General Hospital during the

study period was 265 and, of these, 88 (33.2%) were
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female. Non-weapon-related conditions were more com-

mon than weapon-related, n = 146 (55.1%) (Fig. 1). Gen-

der distribution, age, length of hospital stay, and percentage

receiving surgery in each group are given in Table 1. Only

one patient in this cohort died (0.03%). There was a

declining trend of weapon-related injuries and an increase

in non-weapon-related injuries during the study period

(Fig. 2).

Adults

The majority of the patients in this study were adults

n = 169 (64.2%), of whom, 55 (32.5%) were female.

Weapon-related injuries in adults

The number of adults injured by weapons was 77 (45.6%);

the most common mechanism of injury was blast/fragment

(n = 46, 59.7%), gunshot wound (GSW) (n = 25, 32.5%),

other (n = 4, 5.2%), and burns (n = 2, 2.6%). Adults

accounted for 64.7% of all weapon-related conditions in

the cohort. Adults with weapon-related injuries were more

likely to have surgery and were hospitalized longer than

those with non-weapon-related conditions (Table 2).

The most commonly injured body regions in the injured-

by-weapons patients were chest and abdomen (n = 48,

62.3%) followed by legs (n = 32, 41.6%), arms (n = 23,

29.9%), and head (n = 12, 15.6%). More than third of the

injured had two or more body regions injured (n = 32,

41.6%). There was no difference in injured body regions

related to age (Fig. 3).

Time since injury was documented for 33 (42.9%) of the

adults injured by weapons, median 2.0 (IQR = 1.0–8.0)

hours. Time since injury did not differ between the sexes.

The vast majority (n = 66, 85.7%) of adult patients with

weapon-related injuries needed surgery. There was no

difference between sexes for all procedures or for specific

procedures such as thoracotomy, chest tube insertion,

laparotomy, or amputation. Most of the weapon-injured

patients (n = 45 58.4%) needed surgery only once, 11

(14.3%) needed surgery twice, two (2.6%) needed surgery

three times, and seven (9.1%) needed surgery four times or

more.

No short-term postoperative complications were

reported.

Non-weapon-related conditions in adults

A majority of the adults had non-weapon-related condi-

tions (n = 94, 55.0%). The most common non-weapon-

related condition was appendicitis (n = 26 27.7%) fol-

lowed by hernia (n = 16, 17.0%) and abscesses (n = 9,

9.6%). Most of the patients with non-weapon-related con-

ditions, 84 (89.4%), needed surgery. Multiple surgeries

were only needed for one patient (1.1%) in this group, a

person injured after a road traffic accident (RTA). This

patient needed three surgeries. None of the victims of

RTAs was over 20 years of age, and three were under

12 years of age (see below). All these patients needed

surgery.

No short-term postoperative complications were

reported.

Children (0–15 years)

The number of children in this study was 94 (35.5%), 35

(37.2%) of whom were girls. Children above the age of 10

(n = 25) were predominantly boys (n = 20, 80%). Infor-

mation on whether the injury was weapon-related injury or

not and on gender distribution, age, length of hospital stay,

and the percentage receiving surgery is given in Table 3.

Weapon-related injuries in children

The number of children injured by weapons was 42

(44.7%); the most common mechanism of injury was blast/

fragment (n = 27, 64.3%), followed by GSW (n = 8,

19.0%), other (n = 4, 9.5%), and burns (n = 3, 7.1%).

Children accounted for 35.3% of all weapon-related con-

ditions in the cohort.

Children with weapon-related injuries were more likely

to have surgery and were hospitalized longer than those

with non-weapon-related conditions (Table 3). Injured

body regions in children were chest and abdomen (n = 28,

66.7%), arms (n = 13, 31.0%), head (n = 13, 31.0%), and

legs (n = 12, 28.6%) (Fig. 3). More than third of the

children had two or more body regions injured (n = 15,

35.7%.)

Time since injury was documented for 18 (42.9%)

children injured by weapons, median 1.0 (IQR = 0.5–14.3)

hours; there was no difference between boys and girls.

There was no difference between sexes for all procedures

or for specific procedures such as thoracotomy, chest tube

insertion, laparotomy, or amputation. Most of the weapon-

injured patients, (n = 26 61.9%), needed surgery only once,

4 (9.5%) needed surgery twice, three (7.1%) needed sur-

gery three times, and five (11.9%) needed surgery four

times or more.

There was one postoperative wound infection after a

trauma laparotomy needing wound revision, but no other

postoperative short-term complications were reported.
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Non-weapon-related conditions

A majority of the children (n = 52, 55.3%) had non-

weapon-related conditions. Non-weapon-related conditions

were hernia (n = 13, 25.0%), soft tissue wound (n = 12,

23.1%), appendicitis (n = 9, 17.3%), fractures (n = 5,

9.6%), abscess (n = 4, 7.7%), RTA (n = 3, 5.8%), and

blunt trauma (n = 3, 5.8%). All the three children injured

by RTA were under 12 years of age. All these patients

needed surgery.

Most of the patients with non-weapon-related condi-

tions, 41 (78.8%), needed surgery. Multiple surgeries were

only needed for one patient (1.9%) in this group, injured

after an RTA. This patient needed three surgeries. Children

accounted for 35.6% of all non-weapon-related conditions.

No short-term postoperative complications were

reported.

Differences between children and adults

The gender distribution in the cohort did not differ between

children and adults. A longer length of stay was seen in

weapon-related injuries in both children and adults, but

there was no general difference between children and

adults in the length of stay. There was no difference in

injured body regions between children and adults except

for head injuries which were more common in children

than in adults (p = 0.049) (Fig. 3). There was no difference

in the procedures that were performed (Fig. 4).

Fig. 1 Distribution of

diagnoses in patients treated at

the Mosul General Hospital.

GSW = Gunshot wound,

RTA = Road traffic accident,

PNS = Pilonidal sinus,

Fragment = Shrapnel and

fragment wounds

Table 1 Non-weapon-related injuries and weapon-related injuries

All n = 265 Non-weapon related n = 146 Weapon related n = 119 p value

Gender men/women 177/88 95/51 82/37 0.509

Age, years (IQR) 22.0 (10.0–35.0) 22.0 (10.0–35.8) 22.0 (10.0–33.0) 0.986

Length of stay, days (IQR) 1.0 (0.0–5.0) 0.0 (0.0–1.0) 5.0 (1.0–8.0) \0.001

Number of patients receiving surgery/not surgery 227/33a 123/19b 104/14c 0.715

Median and IQR, Mann–Whitney U, and Chi 2 as appropriate for comparison between groups
aMissing 5, b = Missing 4, c = Missing 1

Fig. 2 Distribution of weapon injuries and non-weapon injuries

during the study period
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Discussion

Two of the salient findings in this study are the high

number of children in the cohort as well as the large

number of children injured by weapons used in the fighting

in and around Mosul compared to previous reports

[2, 9–11] where children account for approximately 5–18%

of the patient workload. The reason for this might be a

large number of civilians and children trapped within the

city of Mosul between the opposed fighting forces as the

battle raged on and there was no safe escape route. It was

also surprising to find that the weapon-related injuries

continued to present at the hospital more than 2 months

after the military operations were declared over and Mosul

was officially liberated. This may be due to mines, IEDs,

UXOs, and booby traps left behind in houses and homes in

and around Mosul.

As per ICRC principles of impartiality, all patients

meeting standard admission criteria were treated at Mosul

General Hospital without any distinction between com-

batants or civilians. A large proportion of the weapon

wounded was injured in the trunk (thorax/abdomen) and

had multiple fragment wounds suggesting that most of the

patients were either civilians or combatants who did not

use body armor commonly worn by soldiers in regular

armed forces [12]. Recent reports state that in the Syrian

conflict more than half of the mortally wounded civilians

were killed by so-called ‘‘wide-area weapons,’’ i.e., indis-

criminate weapons. In contrast, only 9.6% of the combat-

ants were killed by this kind of weapons [2].

Another reason for the relatively high proportion of

patients with injuries to the chest and/or abdomen is the

fact that patients with orthopedic limb injuries were

transferred to a nearby hospital in Hamam al Aleel

according to an agreement with the Qatari Red Crescent

Society who managed this hospital at the time. Hence, such

patients were never admitted to Mosul General Hospital

and consequently not included in the study.

In our small cohort of weapon-wounded children, there

was a preponderance of boys over girls. Reports from Syria

indicate that boys seem to be at a greater risk of getting

injured and killed and seem to have a higher risk of getting

killed by firearms than girls [2, 13]. Older boys are espe-

cially at higher risk [2, 13, 14]. This might be due to their

Table 2 Non-weapon-related injuries and weapon-related injuries in adults ([15 years)

All n = 169 Non-weapon related n = 94 Weapon related n = 77 p value

Gender men/women 116/55 59/35 57/20 0.117

Age, years (IQR) 30.0 (22.0–45.0) 30.0 (22.8–47.0) 29.0 (22.0–40.0) 0.643

Length of stay, days (IQR) 1.0 (0.0–4.0) 0.0 (0.0–1.0) 3.0 (1.0–8.0) \0.001

Number of patients receiving surgery/not surgery 149/18a 83/8b 66/10c 0.365

aMissing 4, bMissing 3, cMissing 1

Fig. 3 Injured body region in weapon-wounded patients divided

between children and adults. Patients with multiple injuries are

included in every injured body region category, thus the same

patient can be included in more than one body region

Table 3 Non-weapon-related injuries and weapon-related injuries in children (0–15 years)

All n = 94 Non-weapon related n = 52 Weapon related n = 42 p value

Gender boys/girls 61/33 36/16 25/17 0.327

Age, years (IQR) 8.5 (4.9–12.0) 8.0 (2.3–12.0) 9.0 (6.5–10.5) 0.315

Length of stay, days (IQR) 1.0 (0.0–6.0) 0.0 (0.0–1.0) 6.0 (2.5–9.5) \0.001

Number of patients receiving surgery/not surgery 78/15a 40/11a 38/4 0.116

Median and IQR, Mann–Whitney U, and Chi 2 as appropriate for comparison between groups
aMissing 1
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spending more time outdoors than younger children or that

they, the older they get, might be mistaken for a combatant

and targeted as one [15]. They also have a higher risk of

getting injured due to a greater interest in manipulating old

mines and explosives [14, 16]. It has previously been

shown that civilians are often wounded by mines and

explosives left from earlier conflicts [16]. From the Syrian

conflict, the most common injury mechanism in children

seems to be injuries caused by bombs or missiles and

bullets [13] and our results have a similar pattern. How-

ever, in our study, we could not find any difference in the

types of injuries among children depending on gender. We

found few differences in the injuries in children compared

to adults, which could be due to the low number of

weapon-wounded patients in our study; we found , how-

ever, more head injuries which have also been reported

previously, and the reason for this is unclear [9, 17].

Although we only have limited information about time

from injury to arrival to the hospital, we found that the time

interval was shorter than in other reports from ICRC hos-

pitals in other conflict areas [8]. The reason for the shorter

prehospital times in our study could be that the distance

between front line and/or point of injury and the hospital

along the referral pathway that was set up by WHO was

shorter than in other contexts studied. The TSPs and

ambulance services appeared to be an important factor in

rapidly getting the patients to the next available level of

care in the battle of Mosul.

The majority of the admitted patients in this study were

not injured in the ongoing fighting but needed treatment for

everyday surgical illness and conditions such as appen-

dicitis, hernias, abscesses, and injuries after accidents. This

is an expected and known outcome, but one that is often

ignored while planning the trauma response in conflict

settings. Surgeons in a war zone must be trained and

experienced in every aspect of acute surgery, not only war

surgery, in adults as well as children. MSF reports similar

experiences [18–21]. At the end of the study period, many

elective surgery procedures were performed. This could be

a result of the workload with weapon-wounded patients

declining, giving the medical staff time and resources to do

more elective surgery and to work on the backlog of cases

built up during the months of the conflict when resources

had to be diverted to patients injured by the ongoing con-

flict and acute surgical illnesses.

Study limitations

This is a small cohort and only patients admitted to the

ICRC services of the hospital were included. The data

collection had at the time of collection no clear study

objective which probably affected the quality of registra-

tion. It is also unclear how this cohort corresponds to that

of other field hospitals in the area and their workload under

the study period; most of the data from this conflict are not

from field hospitals but from hospitals in the city of Erbil,

about 60 km away from Mosul [12]. Patients with obstetric

conditions and severe orthopedic limb injuries were all

referred to other medical facilities and not included in this

study, but are described as being a major part of the patient

workload during the study period [7, 18]. One minor

finding and possible source of error was that penetrating

injuries (by shrapnel and/or bullets) were, in most cases, all

classified as caused by ‘‘shell’’ a catch-all term in Arabic

that probably have been used in cases where the type of

wounding mechanism could not be determined properly

[15].

Conclusion

While Mosul was officially liberated at the beginning of

July 2017, a substantial number of patients with weapon-

related injuries were presenting at the ICRC-supported

Mosul General Hospital more than 2 months after the

fighting officially ceased. However, the majority of patients

needing surgical care had everyday illnesses or non-

weapon-related injuries. The number of children affected

by the fighting seems to be higher in this cohort compared

to previous reports. This finding underlines the importance

of providing victims of conflicts with surgery for life-

threatening conditions, whether weapon related or not,

considering the high number of civilians and children

among victims of war.
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