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Abstract

Background In the past decades, surgical management of limb injuries in high-resource settings has improved. The

possibility of limb salvage has increased. It is not known whether similar changes have transpired in resource-scarce

conflict settings.

Methods Retrospective cohort study using routinely collected patient data from the International Committee of the

Red Cross hospitals in Pakistan was conducted. Consecutive data from 2009 to 2012 (535 patients) and randomly

selected data from 1992 to 1995 (463 patients) were used. Only patients with weapon-related limb injuries were

included. Differences in surgical procedures were assessed with logistic regression to adjust for confounding factors.

Results Less injuries were related to mines in 2009–2012 than in 1992–1995 (3.7% vs. 20.3%, p\ 0.0001), but

injuries from bombs, shells and fragments were more frequent (38.5% vs. 19.4%, p \ 0.0001) as were injuries with

only a small degree of tissue damage (42.0% vs. 31.1%, p = 0.0004). In the logistic regression, the time period did

not affect the risk of amputation, debridement, length of hospital stay or in-hospital mortality. The use of external

fixation (OR 0.56, 95% CI 0.33–0.96, p = 0.04), split skin grafts (OR 0.31, 95% CI 0.21–0.45, p \ 0.0001) and

blood transfusion (OR 0.43, 95% CI 0.28–0.66, p = 0.0001) was less frequent in 2009–2012.

Conclusion In this resource-scarce conflict setting, the risk of amputation appears unchanged over time, while the

use of external fixation and split skin grafts was less common in 2009–2012 than in 1992–1995. These results contrast

with the improved limb salvage results seen in high-resource settings. It likely reflects the challenges of providing

advanced limb-preserving techniques in a resource-scarce setting.

Introduction

Limb injuries account for a majority (50–75%) of surviv-

able injuries in conflicts. Between 25 and 33% are com-

bined with fractures, and the lower limbs are most

commonly affected [1–5]. Amputation rates following

major limb injuries in conflicts range between 7 and 19%

[6–8]. In 2015, it was estimated that approximately 1.2
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3 Faculty of Health Sciences, University of Southern Denmark,

Odense, Denmark

123

World J Surg (2019) 43:2681–2688

https://doi.org/10.1007/s00268-019-05110-y

http://orcid.org/0000-0001-7002-7768
https://doi.org/10.1007/s00268-019-05110-y
http://crossmark.crossref.org/dialog/?doi=10.1007/s00268-019-05110-y&amp;domain=pdf
https://doi.org/10.1007/s00268-019-05110-y


million people were amputated due to injuries globally [9].

Incidences vary considerably, ranging from 1.2 in Canada

and up to 371 per 100,000 population in the Middle East

and North Africa [9–11]. Over the last decades advance-

ments in orthopaedic, plastic and vascular surgical tech-

niques have made many severely injured limbs salvageable

in high-resource settings [12, 13]. Data from the United

States Healthcare Cost and Utilization Project showed a

decrease in the amputation rates due to trauma by 51.5%

between 1988 and 1996 [14]. Among Medicare patients, in

the USA, a 45% decrease of lower limb amputations for all

causes was observed between 1996 and 2011 [15]. It

remains unclear whether similar improvements have been

achieved in conflict-affected low- and middle-resource

settings where constraints, such as logistical challenges and

security issues, may limit implementations of advances in

treatment practices [16]. These constraints in the delivery

of and access to surgical care emphasize the importance of

understanding what surgical resources are needed in a

given context. Identifying trends in surgical treatment of

limb injuries could therefore have implications on how

surgical care is delivered in resource-scarce conflict set-

tings. To fill this knowledge gap, we analysed routinely

collected surgical hospital data from patients with weapon-

related limb injuries treated at two of the International

Committee of the Red Cross (ICRC) field hospitals, in

Pakistan, during 1992–1995 and 2009–2012. The ICRC is a

humanitarian organization providing medical assistance to

victims of war and other situations of violence by inde-

pendently running or otherwise supporting hospitals with

limited resources where with the ICRC support surgery can

be provided free for the weapon-wounded. The ICRC has

since its first field mission in 1875 provided specialized

surgical care to limb injured in conflicts [17].

Aim of study

To investigate trends in demographics and surgical prac-

tices of weapon-related limb injuries in a resource-scarce

setting between 1992–1995 and 2009–2012 with a partic-

ular focus on amputation rates.

Patients and setting

Patients’ injuries for both time periods were mainly caused

during the ongoing armed conflict that was characterized

by the use of explosives, grenades, attacks by gunmen and

aerial bombings on both sides of the Pakistani–Afghanistan

border [18]. In response to the conflict in Afghanistan, the

ICRC opened its first hospital 60 kilometres from the

Afghanistan border in Peshawar, north-western Pakistan, in

1981. This was followed by opening of another hospital in

Quetta, 80 kilometres from the border and 840 km south of

Peshawar, in 1983. Both hospitals closed in the 1990s, but

due to intensification of the conflicts in the border area, the

Peshawar hospital was reopened in 2009 and remained in

operation until 2012 [19, 20]. Local citizens with weapon-

related injuries were also treated at the hospitals and are

included in the study. Those seeking care were not asked

whether they were civilians or combatants. Both hospitals

had access to rehabilitation centres for training and pros-

thesis fitting [19, 21]. Care at these ICRC’s hospitals was

free of charge.

Methods

This retrospective cohort study used routinely collected

patient data. Inclusion criteria were all patients admitted to

the ICRC’s hospital in Quetta or Peshawar, during

2009–2012 and 1992–1995, respectively, with weapon-re-

lated penetrating injuries to the limbs. Exclusion criteria

were if patients had: significant injury to other sites than

limbs requiring medical attention other than a basic

dressing, injuries older than seven days, traumatic ampu-

tations including partial or total avulsion of the limb or

missing data on confounders (see statistical methods).

Patients with the most significant injury located distal to

the metacarpophalangeal joints of the hand or mid-tarsal

joints of the foot were excluded because these commonly

only required simpler surgical treatment, such as a single

debridement (DBR) or change of dressing (COD). In case

of multiple admissions, only the first one was included.

Comparisons were made between the incidence of all of the

following variables, as recorded for each of the two time

periods: in-hospital amputations, external fixation, split

skin graft (SSG), DBR or COD under general anaesthesia

three times or more, blood transfusion, 21 days or more of

hospital stay (LOS) and in-hospital mortality. DBR and

COD done in the operation theatre were merged into one

group in the analysis as both procedures required general

anaesthesia.

The ICRC has since 1991 routinely used the Red Cross

Wound Classification (RCWC) to categorize penetrating

injuries. RCWC is based on entry and exit diameters of the
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wound, cavity, fracture severity, vital vessel injury and

presence of metal fragments in the wound. For limb inju-

ries, vital vessel injury is defined as injuries to vessels

proximal to the knee or elbow. Depending on type (soft

tissue, fracture, vital structure and vital structure with

fracture) and grade (1–3), a penetrating wound is catego-

rized into twelve different categories [22–24]. The grade

directly translates into degree of tissue damage at injury

[24]. Grade 1 was assigned small, grade 2 medium, and

grade 3 extensive tissue damage. In this study, the grade for

the main treated limb wound was registered for all patients

to adjust for differences in degree of tissue damage

between time periods. The presence of a second penetrating

limb wound, other than one merely requiring basic dressing

deemed as not affecting outcome, was dichotomously

registered as existing or not.

Data for the 2009–2012 time period were collected from

an anonymized database containing routinely collected

data from all 3028 patients treated at the ICRC’s hospital in

Peshawar between 18 February 2009 and 9 May 2012. The

data were entered, at the time, into an Excel database

mainly by one of the authors (ZO), whose job primarily

entailed maintaining the database at the ICRC’s hospital in

Peshawar.

Data from 1992 to 1995 were collected from paper-

based patient files by two of the authors (MM and KH)

from ICRC’s archives in Satigny, Switzerland, between

October and November 2016. Approximately 8 000 hand-

written files are stored in these archives and include files

from both ICRC’s hospitals in Quetta and Peshawar. Files

are stored in boxes in no particular order with 7–10 files in

each box. Boxes that contained files from 1992 to 1995

were randomly selected from listings on Excel spread-

sheets. Randomization was achieved by using built-in

random functions in the Python programming language

[25]. To ensure even distribution, the first 6 files from each

box that met our inclusion criteria were selected. Consid-

ering the available data from the 2009–2012 database,

there will be a minimum detectable difference of 6% at

80% statistical power between the time periods.

Statistical methods

Statistical analysis was made using SPSS Statistics soft-

ware version 25 (IBM Corporation, Armonk, NY, USA).

To adjust for the impact of patients who required extensive

resources, the number of in-hospital amputations, external

fixations, SSG and blood transfusions are given as pro-

portion of patient numbers, i.e. if a patient had several in-

hospital amputations, SSG, external fixations or blood

transfusions, only one was counted.

Descriptive comparisons between the 2009–2012 and

1992–1995 periods were analysed using Fisher’s exact test

or Chi-square for categorical variables and Mann–Whitney

U-test for continuous variables. Values are given as mean

with standard deviation (SD) and median with interquartile

range (IQR) where appropriate. To compare in-hospital

amputations, use of external fixation, SSG and C 3 DBR/

COD, blood transfusion, C 21 days LOS and in-hospital

mortality, binary logistic regression analysis was per-

formed to adjust for confounding factors between time

periods. Gender, age (\ 16, 16–49 and[ 49 yrs.), time

since injury (\ 24, 24–48 and[ 48 h), mean arterial

pressure (\ 65 and C 65 mmHg) on admission, degree of

tissue damage (small, medium and extensive), second

penetrating wound (yes and no), vital vessel injury (yes and

no) and time period (1992–1995 and 2009–2012) were

identified as confounding factors as they had been shown to

have significant influence in the univariate analysis or

previously had been reported to influence the risk of out-

comes, especially for in-hospital amputations [26, 27].

Forward Wald was used to calculate a final regression

model. Differences in frequency of procedures between

time periods are presented as odds ratios (OR) with 95%

confidence intervals. P-values (two-tailed) less than 0.05

were considered significant for both the univariate and

logistic regression analyses.

Results

A total of 535 patients treated in 2009–2012 and 463

treated in 1992–1995 were included in the final analysis

(Fig. 1). There was a larger proportion of women than men

and more patients under 16 years and over 49 years in

2009–2012 compared to 1992–1995 (p\ 0.01 for both)

(Table 1). More patients were treated for injuries related to

bombs, shells and fragments (p\ 0.0001) and fewer rela-

ted to anti-personal mines (APM) in 2009–2012 than in

1992–1995 (p\ 0.0001) (Table 2). There were no differ-

ences in time from injury to arrival at hospital (median

24 h, IQR 64, in 2009–2012 and 24 h, IQR 32, in

1992–1995).

Comparisons of injury patterns between the time periods

are shown in Table 3. Large wounds with comminute

fractures (p\ 0.0001) were less frequent in 2009–2012

than 1992–1995, while simple wounds with or without

fracture and fractures with vascular injuries were more

frequent (p\ 0.01 for both). Likewise, injuries resulting in

a small degree of tissue damage were more frequent in

2009–2012 (p = 0.0004). A majority of injuries were to the

lower limbs for both time periods (61.9%, in 2009–2012

and 64.4%, in 1992–1995, p = 0.42). There was no dif-

ference in the presence of a second penetrating limb wound
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(p = 0.08). The relationship between time period and sur-

gical procedures, LOS and in-hospital mortality is shown in

Table 4. The univariate analysis revealed that in

2009–2012 patients had fewer external fixations

(p = 0.008), SSG (p\ 0.0001), DBR/CODs C 3

(p = 0.02), blood transfusions (p\ 0.0001) and shorter

LOS (p = 0.007) than in 1992–1995, but the risk of in-

hospital amputations and mortality did not differ between

the time periods. When adjusting for confounders by

logistic regression, the time period did not prove to be

related to the risk of in-hospital amputations, DBR/

CODs C 3, LOS C 21 days or in-hospital mortality.

However, in the final regression model, the use of external

fixations (OR 0.56, 95% CI 0.33–0.96, p = 0.04), SSG (OR

0.31, 95% CI 0.21–0.45, p\ 0.0001) and blood transfu-

sions (OR 0.43, 95% CI 0.28–0.66, p = 0.0001) was still

less frequent in 2009–2012 than in 1992–1995. Complete

regression models are shown in Supplement Tables 1–7.

Discussion

This is to our knowledge the first study focusing on trends

in surgical treatment practices for limb injuries over a time

period of two decades in a resource-scarce conflict setting.

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

DBR/COD, LOS or in-hospital mortality. However, the use

of external fixation, SSG and blood transfusion had

declined in 2009–2012. There are several plausible expla-

nations for the observed differences in surgical procedures

between the two time periods. Surgeons deployed by the

ICRC during both time periods were predominantly spe-

cialist general surgeons from high-resource countries

(personal communication with the ICRC’s health unit).

Their familiarity with basic orthopaedic, plastic and

1203 patients met inclusion criteria
- 640 treated in 2009-2012
- 563 treated in 1992-1995

998 patients were included in final analysis
- 535 treated in 2009-2012
(All treated in Peshawar)

- 463 treated in 1992-1995
(44 treated in Peshawar and 419 in Quetta)

125 patients excluded due to traumatic 
amputations

- 42 treated in 2009-2012
- 83 treated in 1992-1995

80 patients excluded due to missing 
confounding data

- 63 treated in 2009-2012
- 17 treated in 1992-1995

Fig. 1 Flow chart of patient inclusion in the study

Table 1 Gender and age distribution for patients treated for weapon-related limb injuries at ICRC’s hospitals in Quetta and Peshawar, Pakistan,

1992–1995 and 2009–2012

Age and Gender 1992–1995

Total = 463

n (%)

Mean (SD) 2009–2012

Total = 535

n (%)

Mean (SD) Univariate

analysis

P value

Gender \ 0.0001

Male 449 (97.0) 466 (87.1)

Female 14 (3.0) 69 (12.9)

Age 26.2 (10.8) 27.2 (13.9) 0.22

\ 16 years 52 (11.2) 92 (17.2) 0.007

16–49 387 (83.6) 388 (72.5) \ 0.0001

[ 49 24 (5.2) 55 (10.3) 0.003

Table 2 Mechanism of injury for patients treated for weapon-related

limb injuries at ICRC’s hospitals in Quetta and Peshawar, Pakistan,

1992–1995 and 2009–2012

Mechanism 1992–1995

Total = 463

n (% of total)

2009–2012

Total = 535

n (% of total)

Univariate

analysis

P value

Anti-personnel mine 94 (20.3) 20 (3.7) \ 0.0001

Bomb, shell, fragment 90 (19.4) 206 (38.5) \ 0.0001

Gunshot 273 (59.0) 306 (57.2) 0.57

Other 6 (1.3) 3 (0.6) 0.22
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vascular surgery may have varied. This is especially true

for the later time period as current trends in surgical

training in high-resource countries have favoured subspe-

cialization with specific rather than general skill sets [28].

In a recent survey among ICRC health care staff on self-

perceived training needs, 31% requested additional training

in fracture surgery, 20% in reconstructive surgery and 19%

in vascular surgery [29]. This together with our findings

calls for adapting pre-deployment preparation and inter-

national team composition to better address context-vary-

ing injuries.

The decreased use of external fixation in 2009–2012

could also be due to a more restrictive use of this technique

based on changes in ICRC’s treatment practices between

the time periods (personal communication with former

ICRC coordinator of surgical programmes Åsa Molde).

Fewer blood transfusions in 2009–2012 may be an effect of

less severe limb injuries (Table 3).

The frequency of amputations in this study remained the

same over time, whereas it has gradually decreased in

civilian high-resource settings [14, 15]. This discrepancy in

treatment routines between high- and low-resource settings

is not unusual and also occurs in other types of trauma [16].

Availability of equipment, medicines, as well as familiarity

with reconstructive techniques including flaps will affect

how the surgeons in the field choose to deal with complex

limb injuries.

In 2009–2012, a larger proportion of the admitted

patients were women and children, and fewer were treated

for extensive soft tissue injuries and fracture commination

than in 1992–1995 (Tables 1 and 3). These differences in

demographics and injury patterns might be explained by an

increasingly indiscriminate nature of warfare over time

resulting in more patients admitted with injuries from

explosives, mortars, aerial bombings and fewer from APM

(Table 2). Fewer limb injuries from APM could potentially

be attributed to the implementation of the Ottawa treaty

between the time periods. The treaty was endorsed by

several fighting parties in the region [30]. It bans the use,

stockpiling, production and transfer of APM and promotes

their destruction [31]. For both time periods, a very low

mortality for admitted patients in spite of severe limb

injuries was observed (Table 4).

Table 3 Injury patterns for patients treated for weapon-related limb injuries at ICRC’s hospitals in Quetta and Peshawar, Pakistan, 1992–1995

and 2009–2012

Injury pattern 1992–1995

Total = 463

n (% of total)

2009–2012

Total = 535

n (% of total)

Univariate analysis

P value

Type of injury

Simple wounda ± fracture 188 (40.6) 267 (49.9) 0.003

Medium woundb ? com. fractured 151 (32.6) 168 (31.4) 0.68

Large woundc - fracture 15 (3.2) 16 (3.0) 0.82

Large woundc ? com. fractured 84 (18.2) 36 (6.7) \ 0.0001

Any fracture ? vascular injury 15 (3.2) 37 (6.9) 0.009

Vascular injury - fracture 10 (2.2) 11 (2.1) 0.91

Tissue damage

Small 144 (31.1) 225 (42.0) 0.0004

Medium 210 (45.4) 238 (44.5) 0.78

Extensive 109 (23.5) 72 (13.5) \ 0.0001

Location of injury

Upper limb 97 (20.9) 132 (24.7) 0.16

Lower limb 298 (64.4) 331 (61.9) 0.42

Upper and lower limbs 68 (14.7) 72 (13.4) 0.58

Second wound 0.08

No 359 (77.5) 439 (82.1)

Yes 104 (22.5) 96 (17.9)

a Simple wound = Entry and exit site less than 10 cm in total and no wound cavity
b Medium wound = Entry and exit site less than 10 cm in total and wound cavity
c Large wound = Entry and exit site more than 10 cm in total and wound cavity
d Com. Fracture = Comminute fracture
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Limitations

This study has limitations. Considering the difficulties in

reaching the hospitals for various reasons and the late

presentations, it can be safely assumed that many severely

injured patients died before reaching the respective hospi-

tals. This should not affect the surgical treatment given to

admitted patients with limb injuries during both time

periods. In this study, we included patients from two dif-

ferent ICRC’s hospitals, which also could lead to patient

selection and treatment bias. Previously published data

from both hospitals, however, demonstrate that patients’

injury patterns were similar and both hospitals adhered to

the ICRC’s treatment protocols [24].

This study only includes patients treated at ICRC’s hos-

pitals in Pakistan. Therefore, the external validity of our

findings may be limited. The patients were nonetheless

treated according to ICRC’s treatment protocols that are

generally accepted and similar to protocols followed by other

humanitarian organizations and surgical care providers in

conflicts [32–34]. Finally, the study is retrospective and

consequently has inherent weaknesses that come with this

study design, such as general selection bias andmissing data.

To mitigate selection bias, we used random sampling for the

1992–1995 time period and included all patients that meet

the inclusion criteria for 2009–2012. Patients that were

excluded due to missing confounding data did not differ

significantly from analysed patients in terms of in-hospital

amputations or other surgical procedures.

Conclusions

In this resource-scarce conflict setting, almost all admitted

patients with weapon-related injuries survived. While the

use of external fixation and split skin graft was less

Table 4 Relationship between time period and surgical procedures, hospital stay and mortality for patients treated for weapon-related limb

injuries at ICRC’s hospitals in Quetta and Peshawar, Pakistan, 1992–1995 and 2009–2012

Time period Univariate analysis

Total = 998

Logistic regression analysis

Total = 998

All confoundersa Final model

1992–1995

Total = 463

n (%)

2009–2012

Total = 535

n (%)

P value 1 = 1992–1995

Odds ratio (95% CI)

for 2009–2012

P value 1 = 1992–1995

Odds ratio (95% CI)

for 2009–2012

P value

In-hospital amputation 0.20

No 417 (90.1) 494 (92.3) 1 1

Yes 46 (9.9) 41 (7.7) 1.20 (0.69–2.09) 0.51 1.12 (0.66–1.91) 0.67

External fixation 0.008

No 422 (91.1) 510 (95.3) 1 1

Yes 41 (8.9) 25 (4.7) 0.63 (0.36–1.08) 0.09 0.56 (0.33–0.96) 0.04

Split skin graft \ 0.0001

No 330 (71.3) 478 (89.3) 1 1

Yes 133 (28.7) 57 (10.7) 0.31 (0.21–0.46) \ 0.0001 0.31 (0.21–0.45) \ 0.0001

Debridement/change of

dressing

0.02

0–2 310 (67.0) 393 (73.5) 1 1

C 3 153 (33.0) 142 (26.5) 0.89 (0.65–1.22) 0.48 0.89 (0.66–1.20) 0.46

Blood transfusion \ 0.0001

No 371 (80.1) 485 (90.7) 1 1

Yes 92 (19.9) 50 (9.3) 0.41 (0.27–0.64) \ 0.0001 0.43 (0.28–0.66) 0.0001

Length of hospital stay 0.007

\ 21 days 228 (49.2) 309 (57.8) 1 1

C 21 days 235 (50.8) 226 (42.2) 0.82 (0.62–1.10) 0.18 0.87 (0.66–1.14) 0.31

In-hospital mortality 0.18

No 458 (98.9) 533 (99.6) 1 1

Yes 5 (1.1) 2 (0.4) 0.47 (0.07–2.96) 0.42 0.32 (0.06–1.67) 0.18

a Gender, age, time since injury, mean arterial pressure, degree of tissue damage, presence of second penetrating wound and vital vessel injury

were also included as confounders in the logistic regression analysis, but not reported in this table. For full logistic regression analysis see

Table 5-11 in Supplement
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common in 2009–2012 than in 1992–1995, the risk of

amputation remained unchanged over time. These results

contrast with the improved limb salvage results seen during

the same time period in high-resource settings. It likely

reflects the significant challenges of providing limb-pre-

serving techniques in a resource-scarce conflict setting.

Adjusting pre-deployment preparation and team composi-

tion could be one strategy to mitigate some of these chal-

lenges. Further investigation is needed to assess whether

such strategies have the desired effect of improving sur-

gical care in resource-scarce conflict settings.
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