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AMAÇ
Torakoabdominal bıçak yaralanmaları bulunan ve hemo-
dinamik açıdan stabil olan hastaların tedavisi halen tartış-
malıdır. Bu çalışmada, bu tip hastalardaki tanısal peritone-
al lavaj (TPL) sıvısındaki eritrosit sayısındaki optimal de-
ğer tartışıldı.

GEREÇ VE YÖNTEM
Hemodinamik yönden stabil ve torakoabdominal bıçak ya-
ralanması olan 388 hasta çalışmaya alındı. Laparotomi yö-
nünden açık bir endikasyona sahip olmayan olgularda, pe-
ritoneal kavite 1000 cc serum fizyolojikle yıkandı ve akın-
tı sıvısındaki eritrosit sayısı analiz edildi. Karın yaralarında 
>100,000/mm3 ve alt göğüs yaralarında >10,000/mm3 sevi-
yesinde eritrosit sayısı eksploratuvar laparotomi (konvansi-
yonel yaklaşım) için endikasyonlar olarak kabul edildi. Ge-
riye dönük yapılan analizde, eritrosit sayısı için yeni eşik 
değerler hesaplandı.

BULGULAR
Konvansiyonel yaklaşımın duyarlılığı ve özgüllüğü, sıra-
sıyla %90 ve %84 olmuştur. Karın yaralarında >15,000/
mm3 ve alt göğüs yaralarında >25,000/mm3 seviyesinde-
ki eritrosit sayısı, operasyon gereksinimi olan veya olma-
yan hastaların ayırt edilmesinde, sırasıyla %94 ve %96’lık 
bir duyarlılık ve özgüllük ile en uygun eşik değeri bulundu.

SONUÇ
Tanısal  peritoneal lavaj sıvısında eritrosit sayısı ile ilgili 
yeni eşik değer, torakoabdominal bıçak yaralanmaları bu-
lunan ve hiçbir açık operasyon endikasyonu bulunmayan 
TPL hastalarının  tedavisine kullanılabilir.
Anahtar Sözcükler: Torakoabdominal bıçak yaralanmaları; lapa-
rotomi; torakotomi; tanısal peritoneal lavaj; eritrosit.

BACKGROUND
Managing hemodynamically stable patients with thora-
coabdominal stab wounds is still under dispute. This study 
aimed at discussing cut-off points of red blood cell (RBC) 
count in diagnostic peritoneal lavage (DPL) effluent in 
these patients.

METHODS
Three hundred and eighty-eight patients with 
thoracoabdominal stab wounds and hemodynamically 
stable status were enrolled. In cases without a clear 
indication of laparotomy, the peritoneal cavity was washed 
out with 1000 ml of normal saline and the effluent fluid was 
analyzed for RBC count. RBC counts of >100,000/mm3 in 
abdominal wounds and of >10,000/mm3 in lower chest 
wounds were considered as indications for exploratory 
laparotomy (conventional approach). New cut-off points 
for RBC count were calculated in backward analysis.

RESULTS
Sensitivity and specificity of the conventional approach 
were 90% and 84%, respectively. RBC counts >15,000/
mm3 in abdominal wounds and >25,000/mm3 in lower 
chest wounds were the best cut-off points in distinguishing 
patients with and without need of operation, with a sensi-
tivity and specificity of 94% and 96%, respectively.

CONCLUSION
New cut-off points of RBC count in DPL effluent may pro-
mote management of patients with thoracoabdominal stab 
wounds and no obvious indication for operation.

Key Words: Thoracoabdominal stab wounds; laparotomy; 
thoracotomy; diagnostic peritoneal lavage; red blood cell.
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Prior to the 20th century, high mortality rates were 
the rule when stab or gunshot wounds were managed 
non-operatively.[1] Dealing with penetrating abdomi-
nal stab wounds has remained under debate. Tradi-
tionally, concern of delayed diagnosis of intra-abdom-
inal injuries has led many trauma centers to propose 
mandatory abdominal exploration when a penetrating 
stab wound into the abdominal cavity was suspected.
[2,3] Selective operative management of asymptomatic 
patients was therefore advocated in 1960, when it was 
revealed that 25% to 33% of patients with stab wounds 
had no peritoneal penetration, and in penetrated cases, 
significant injuries were present in only some 45%.
[4,5] This liberal approach resulted in a reluctant ac-
ceptance of a 50% incidence of non-therapeutic lapa-
rotomies in an attempt to prevent delayed diagnosis of 
intra-abdominal injuries.[6] In order to overcome the 
diagnostic delay and concomitantly reduce the num-
ber of non-therapeutic laparotomies, diagnostic peri-
toneal lavage (DPL) was employed, which resulted in 
a reduced incidence of non-therapeutic laparotomies 
to 7%-15%.[7] Since the initial description of DPL in 
1965, and emergence of the promoted type in 1977, 
this test has been considered as a tool to triage patients 
in the emergency ward to the operating room.[8,9] This 
is despite the availability of more sophisticated and 
less invasive options in managing patients with tho-
racoabdominal trauma, such as computed tomography 
(CT), focused assessment with sonography for trau-
ma (FAST), thoracoscopy, or laparoscopy. However, 
DPL has remained a cornerstone in trauma work-up 

because the mentioned techniques are expensive and 
time-consuming, with variable diagnostic sensitivity/
specificity, especially in penetrating thoracoabdomi-
nal trauma.[10-14] Using the DPL, one ideally wants to 
avoid missed injuries and minimize unnecessary op-
erations. The red blood cell (RBC) count in DPL efflu-
ent fluid has been proposed as a sensitive and specific 
indicator; however, the optimal cut-off point is still 
controversial. In our center, at least, as a main referral 
place for such victims, the current guidelines are ap-
parently unsatisfying. 

This study aimed at re-evaluating current cut-off 
points of the RBC count in DPL effluent fluid in pa-
tients with lower chest or anterior abdominal stab 
wounds.

MATERIALS AND METHODS
In a prospective setting, hemodynamically stable 

patients with stab wound injuries to the anterior abdo-
men or lower chest were evaluated during a four-year 
period (2007-2011) at an urban level I trauma center 
in Tabriz, Iran. The anterior abdomen was defined as a 
region confined to the inferior costal margin superiorly, 
the inguinal ligament inferiorly, and the anterior axil-
lary lines laterally.[15] The lower chest (or thorax) was 
defined as a region placed between the anterior abdo-
men inferiorly and the forth intercostal space superior-
ly.[16] The managing protocol is summarized in Figure 1.

Hemodynamically unstable patients (systolic blood 
pressure <90) and/or patients in need of urgent opera-
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Fig. 1. The flow chart of management in patients with thoracoabdominal stab wounds.
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tion for any reason (evisceration, peritonitis, etc.) were 
excluded. The peritoneum or diaphragmatic violation 
was confirmed by exploration under local anesthesia. 
Open DPL was performed through a lunar incision on 
the left side of the umbilicus. The DPL was considered 
grossly positive when more than 10 ml of free blood 
was aspirated through the catheter. In lesser volumes, 
1 L of saline was instilled and the patient was gently 
rocked in different directions. In the aspirated effluent, 
RBC counts >100,000/mm3 and >10,000/mm3 were 
considered positive in anterior abdominal and lower 
thoracic lesions, respectively. In the latter, thoracosco-
py was performed when the RBC count was between 
1,000 and 10,000/mm3. Presence of bile, vegetable 
or fecal material, or observation of effluent draining 
through a chest tube, nasogastric tube, or Foley cath-
eter was also considered as a grossly positive result.
[17] Exploratory laparotomy or thoracoscopy was per-
formed in cases with a grossly positive finding or a 
positive DPL result. Otherwise, the patients were me-
ticulously monitored for at least three days.[18,19] De-
velopment of hemodynamic instability, peritonitis, or 
evidence of ongoing blood loss prompted laparotomy. 
Otherwise, the patient was discharged after feeding 
was tolerated. All the stable patients with easily and 
immediate access to our center were advised to pres-
ent for another visit 10 days after discharge. These pa-
tients and their family members were informed about 
possible alerting signs or symptoms during their stay 
at home. Working backward, the RBC count in DPL 
effluent was employed for calculating an optimal cut-
off point based on the final diagnosis made accord-
ing to results of laparotomy, thoracoscopy or 10-day 
follow-up. The sensitivity was defined as the ability of 
the DPL to detect an injury (or penetration) to the vis-
ceral and/or intra-abdominal organs or the diaphragm, 
if present, and the specificity was defined as the abil-
ity of the DPL to rule out an injury (or penetration) to 
the visceral and/or intra-abdominal organs or the dia-
phragm if none existed.[8] 

This study was approved by the Ethics Commit-
tee of our University of Medical Sciences. Data were 
analyzed with the SPSS statistical software package 
(version 15.0; SPSS Inc, Chicago). Receiver operating 
characteristic (ROC) curve coordinates were used for 
determining optimal cut-off points of the RBC count 
in DPL effluent fluid. Continuous variables were ex-
pressed as mean±standard deviation, and categorical 
data were shown as frequency and percent. The contin-
gency table (chi-square and Fisher’s exact tests where 
appropriate) was employed for comparisons. A p value 
less than 0.05 was considered statistically significant. 

RESULTS
Five hundred ninety-two patients with lower chest 

or anterior abdominal stab wound injuries were re-

ferred to our center during the study period. Three 
hundred and eighty-eight patients met the criteria and 
were enrolled in the study. There were 195 patients 
(50.3%) with isolated anterior abdominal stab wounds 
(Group A) and 193 patients (49.7%) with isolated in-
juries in the lower chest (Group B). In Group A, there 
were 181 males (92.8%) and 14 females (7.2%), with 
a mean age of 23.3±7.3 (15-52) years. In Group B, 
there were 184 males (95.3%) and 9 females (4.7%), 
with a mean age of 27.2±9.0 (19-48) years. Initial as-
piration and subsequent DPL analysis yielded a gross-
ly positive result in 76 patients (19.6%), including 47 
cases in Group A and 29 cases in Group B. A thera-
peutic laparotomy was performed in all these patients. 
The RBC in DPL was counted in the remaining 312 
patients (80.4% including 148 cases in Group A and 
164 cases in Group B). After RBC count, 76 patients 
(24.4%) underwent exploratory laparotomies includ-
ing 32 cases in Group A and 44 cases in Group B. 

Thirty-two patients with lower chest wounds were 
evaluated by thoracoscopy, all with negative findings, 
and the remaining 204 patients (75.6%) were closely 
observed, including 116 cases in Group A and 88 cases 
in Group B. In the three-day observational period, 12 
other patients in Group A underwent operation due 
to emergence of an indication. Finally, 192 patients 
were discharged without any intervention including 
no laparotomy or thoracoscopy. There were no deaths 
and/or major complications 10 days after discharge. 
Intra-operative findings were present in 83 cases in 
Group A, including injury to the small bowel (41 pa-
tients), colon (16 patients), liver (8 patients), vessels 
(8 patients), stomach (7 patients), spleen (2 patients) 
and gallbladder (1 patient). In Group B, similar find-
ings were present in 37 cases, including injury to the 
diaphragm (23 patients), lung (9 patients), stomach (4 
patients), and spleen (1 patient). The final outcomes 
after management of the patients are summarized in 
Table 1.

By backward analysis of the patients, RBC counts 
>15,000/mm3 in Group A and >25,000/mm3 in Group 
B were the optimal cut-off points in distinguishing 
patients with or without need of further evaluation 
(Table 2).

By applying the new cut-off points, specificities 
were significantly improved in patients with lower 
chest stab wounds and overall (odds ratio=0.8, 95% 
confidence interval 0.7-0.9, p<0.001, and odds ra-
tio=4.6, 95% confidence interval 1.5-14.2, p=0.005, 
respectively).

DISCUSSION
Diagnostic peritoneal lavage (DPL) has been intro-

duced as one of the sensitive procedures in the man-
agement of patients with penetrating injuries to their 
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lower chest or anterior abdomen. However, appropri-
ate approaches and indices are still under debate. In 
this study, we showed that aspiration of a grossly posi-
tive fluid, i.e. gross blood volume >10 ml and/or traces 
of feces, food remnants and bile, would lead to un-
exceptionally therapeutic laparotomies. Nagy et al.,[20] 
in contrast, concluded that because aspiration-positive 
patients are not more critically injured or unstable than 
DPL-positive patients, and because DPL is more accu-
rate in detecting need of operative intervention, aspira-
tion should be withheld as a part of the DPL procedure 
in patients with abdominal trauma. In another series, 
Drost et al.[21] showed that a grossly positive perito-
neal lavage might lead to “false- positive” results in 
patients with penetrating abdominal wounds. They 
indicated that such “false- positive” lavages most 
commonly result from blood entering the abdominal 
cavity from the wound, although nonoperative injuries 
to solid viscera and iatrogenic trauma are sometimes 
implicated. Considering “quantity” and “quality” in 
evaluating the initial aspiration of the peritoneal cavity 
in patients thusly injured seems to be the main differ-
ence between the current study and others. Aspiration 
not as a separate procedure but as an initial part of a 
DPL can be quickly evaluated without wasting time. 
The rather large number of patients (76 cases) in our 
study with 100% therapeutic consequent laparotomies 
was a great advantage in present study. Sriussadaporn 
et al.[22] also found that during use of DPL in patients 
with stab wounds in the anterior abdomen, initial aspi-
ration of gross blood from the lavage catheter of more 
than 10 ml is a highly sensitive indicator of injury. Ap-
parently, inward bleeding of a stab wound will hardly 
reach a volume of 10 ml, and this amount of gross 
blood probably originates from an organ laceration. 
The RBC count in a negative DPL effluent fluid, indi-

cating an injury of visceral and/or intra-abdominal or-
gan in patients with lower chest or anterior abdominal 
stab wounds, is one of the most controversial indices. 
By now, various studies have recommended different 
cut-off points for RBC count in patients with thora-
coabdominal stab wounds. In Thacker’s study[23] in 
patients with stab wounds to the anterior lower chest 
and/or abdomen, a RBC count >100,000 mm3 in DPL 
effluent fluid was reported to be an accurate cut-off 
point, particularly when it was employed along with 
other positive criteria such as increased white cells, 
bile and amylase. In another study by Henneman[24] in 
336 patients with penetrating trauma, the initial DPL 
according to the conventional guideline yielded a sen-
sitivity of 87% and a specificity of 89% in predicting 
the need of operation. Sriussadaporn et al.[22] reported 
that a RBC count in lavage fluid >10,000/mm3 as a 
positive criterion for exploratory laparotomy yielded a 
sensitivity and a specificity of 100% and 87%, respec-
tively. Zappa et al.[25] concluded that a RBC count of 
50,000/mm3 discriminated satisfactorily those patients 
who required surgery from those who did not. Flaws 
in the management of patients and a variety of other 
disadvantages limit the accuracy of these studies.[26-29]

In our series, the intra-operative findings were 
present in 83 cases in Group A, including 8 liver and 
2 spleen injuries. In Group B, similar findings were 
present in 37 cases, including 23 cases with dia-
phragm, 9 patients with lung and 1 patient with spleen 
injuries. All these cases underwent therapeutic lapa-
rotomy/thoracotomy based on the criteria employed, 
such as a grossly positive DPL or increased RBC 
count, thoracoscopic findings or emergence of alerting 
signs/symptoms within the observational period (Fig. 
1). None of them could be treated by nonoperative 
management.
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Table 1. Outcome of the conventional management* in patients with stab wound injuries to the anterior abdomen or the 
lower chest

Location A B C D E F G H

Lower chest 37 (19.2%) 120 (62.2%) 36 (18.6%) – 100% – 77% 0.7-0.8
Anterior abdomen 71 (36.4%) 104 (53.3%) 8 (4.1%) 12 (6.2%) 86% 0.7-0.9 93% 0.9-1.0
Overall 108 (27.8%) 224 (57.7%) 44 (11.3%) 12 (3.2%) 90% 0.8-1.0 84% 0.8-0.9
A: True positive; B: True negative; C: False positive; D: False negative; E: Sensitivity; F: 95% confidence interval; G: Specificity; H: 95% confidence interval.
* Red blood cell count >100,000/mm3 and >10,000/mm3 in anterior abdominal and lower thoracic lesions, respectively.

Table 2. Outcome of the new management* in patients with stab wound injuries to the anterior abdomen or the lower 
chest

Location A B C D E F G H

Lower chest 37 (19.2%) 156 (80.8%) – – 100% – 100% –
Anterior abdomen 76 (39%) 100 (51.2%) 12 (6.2%) 7 (3.6%) 92% 0.8-0.0 89% 0.8-0.9
Overall 113 (29.1%) 256 (66%) 12 (3.1%) 7 (1.8%) 94% 0.9-1.0 96% 0.9-1.0
A: True positive; B: True negative; C: False positive; D: False negative; E: Sensitivity; F: 95% confidence interval; G: Specificity; H: 95% confidence interval.
* Red blood cell count >15,000/mm3 and >25,000/mm3 in anterior abdominal and lower thoracic lesions, respectively.



Excluding the patients with grossly positive results, 
we reported new optimal cut-off points for RBC count 
in DPL effluent fluid with more accurate outcomes. A 
RBC count in DPL effluent fluid of >25,000/mm3 in 
lower chest wounds and of >15,000/mm3 in the anteri-
or abdomen led to a sensitivity of 94% and a specific-
ity of 96%, which were greatly better than the results 
of the conventional approach, including a RBC count 
>10,000/mm3 in lower chest injuries and of >100,000/
mm3 in the anterior abdomen, with a sensitivity of 90% 
and a specificity of 84%. To our knowledge, these re-
sults are the best ever reported in this group of patients 
in the literature. It should be noted that all the new 
cut-offs of RBC counts in the present study were made 
in a backward fashion; i.e., the outcome was clear and 
the new cut-offs were not tested in a fresh group of 
patients. Indeed, the main objective of this study was 
to evaluate and propose, if possible, new cut-offs of 
RBC counts in this group. It could be claimed that the 
new figures could omit or decrease the rate of delayed 
diagnosis of real injured cases after the phase of em-
ployment of previously proposed cut-offs; i.e. after 
more invasive evaluations such as thoracoscopy or 
exploratory laparotomy, or during the close observa-
tional periods. Of course, the new proposed cut-offs 
will cut the rate of false-negative or false-positive 
cases encountered in this study, and the high diagnos-
tic accuracy confirms this; however, their efficiency in 
decreasing unnecessary and nontherapeutic operations 
while at the same time preventing missed cases needs 
to be examined in future patients in further studies us-
ing the same protocol along with the newly proposed 
RBC count cut-offs in DPL. 

There are a few of limitations to this study. Al-
though this study was performed in a prospective 
manner, further randomized investigations might be 
ideal to prove the concept. A five-year period with a 
certain number of changing surgeons might be another 
issue. Conducting similar studies in other centers may 
further elucidate the findings. The close follow-up pe-
riod was 10 days in the current study, which may seem 
short. During this follow-up period, repeated contact 
is made by the medical staff with the patients or the 
relatives responsible for their care. The contact per-
sons are fully educated about the condition and alert-
ing signs/symptoms before discharge. In addition, only 
the patients with easy and rapid access to the medical 
centers were allowed to stay at home after three days 
of in-hospital observation. Working in a major refer-
ral center and with a considerable amount of experi-
ence, the authors believe that this period is sufficient 
to closely follow patients with thoracoabdominal pen-
etrating injuries. The upcoming results also confirmed 
this concept. Nonetheless, as mentioned earlier, we 
only recruited patients who were in close contact for 
immediate action, and regular visits were performed 

after this period of time, but not as closely as in the 
mentioned 10-day period.

In conclusion, the results of DPL assessment in 
stable patients with stab wounds in the lower chest 
or anterior abdomen could be considered as an accu-
rate and safe method of management. Apparently, this 
is more complex in anterior abdominal stab wounds 
compared with injuries in the lower chest. However, 
combining DPL findings based on the newly proposed 
cut-off points with a rather short period of observa-
tion in patients with negative results might increase 
the sensitivity and specificity of management. Fur-
ther studies with larger sample sizes, particularly in 
patients with anterior abdominal injuries, are recom-
mended. Penetrating lesions in the back and flank are 
important issues as well. 
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