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Abstract. Background. A combat gunshot wound is significantly different from a civilian trauma. It is characterized
by the prevalence of penetrating injuries, which increases the volume of blood loss at the pre-hospital stage, and
the destruction of large masses of muscle tissue (rhabdomyolysis), which leads to acute kidney injury. Moreover,
combat trauma occurs in conditions of chronic background stress as a result of severe emotional and physical strain,
uncomfortable weather conditions, and deprivation of sleep, drinking and food. So, such a phenomenon as voluntary
dehydration is common among soldiers in combat conditions. In wounded, oliguria is often considered a result of
acute kidney injury, but it can also be a symptom of severe dehydration. The purpose of our work was to analyze three
clinical cases of oliguria caused by dehydration in wounded with combat trauma to better understand the severity
of the condition of such victims and to improve medical aid for them. Materials and methods. The article describes
three cases of men aged 35, 50 and 44 years with combat gunshot wounds to the extremities, who were admitted to
the tertiary care hospital on the second day after the injury with oliguria (0.18—0.19 ml/kg/hr) and high creatinine
(333 t0 457 umol/L). Results. All three patients were conscious, breathing spontaneously, had stable hemodynamics,
and moderate anemia after pre-hospital blood transfusions. Focused ultrasound study revealed hyperdynamic left
ventricle and small inferior vena cava with complete inspiratory collapse, which suggested hypovolemia. Upon further
investigation of the medical history, patients admitted not drinking any liquid for one to two days prior to injury.
Tissue hydrophilicity test was conducted which showed severe dehydration in all three cases. Infusion volume was
calculated using P.1. Shelestiuk nomogram (modified by O.V. Kravets et al.) and amounted to 60 ml/kg of balanced
crystalloid solutions. Upon starting rehydration, diuresis was restored within two hours and amounted to 0.7—
2.1 ml/kg/h in all three patients. Creatinine levels normalized in 2—4 days. Patients were transferred to another
hospital in a moderate condition in 4—5 days. Conclusions. Oliguria is a frequent complication of combat gunshot
injury. Although it is most often associated with acute kidney injury from rhabdomyolysis, it should also be considered
that in a combat environment, soldiers’ access to water may be limited and the injury may be accompanied by
dehydration. In the cases presented, the differential diagnosis of the causes of oliguria in the wounded made it
possible to detect signs of severe dehydration, abstain from the inappropriate use of saluretics, quickly compensate
for the fluid deficit, and to avoid the development of kidney damage and the need for renal replacement therapy.
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Introduction

According to the United Nations (UN) reports, from
the beginning of the conflict in Ukraine on April 6, 2014,
to January 31, 2022, more than 13,250 people were killed
(including 3,107 civilians), and more than 31,200 were
injured (including more than 7,000 civilians) [1]. For
comparison, 3,238 people died in road traffic accidents in
Ukraine in 2021, and 29,738 were injured [2]. From February

24,2022, to June 7, 2024, the UN confirmed the death of
11,126 civilians, and another 21,863 were injured. The real
figures are probably considerably higher, as the receipt of
information from some locations where intense hostilities
have been going on has been delayed and many reports are
still pending corroboration [3].

A combat gunshot wound is significantly different from a
civilian multiple trauma. A combat trauma is characterized
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Table 1. P.I. Shelestiuk nomogram (modified by O.V. Kravets et al.) [25]

Degree Resorption time, Amount of fluid, Daily amount of fluid for a
of dehydration min mi/kg/day patient weighing 70 kg
1 40-30 25-40 1,750-2,800
2 29-15 40-60 2,800-4,200
3 15-5 60-80 4,200-5,600

by the prevalence of penetrating injuries, which increases
the volume of blood loss at the pre-hospital stage and often
requires urgent surgical stopping of bleeding [4, 5]. High-
energy projectiles cause the destruction of large masses of
muscle tissue (rhabdomyolysis), which leads to the leakage of
the intracellular contents of myocytes into the bloodstream
and an increase in plasma levels of creatine kinase and
myoglobin. The iron-containing part of myoglobin reacts
with urine glycoproteins and forms an insoluble complex
that causes obstruction of renal tubules [6]. As a result, the
most common systemic complication of rhabdomyolysis is
acute kidney injury (AKI). It occurs with a frequency of 10
to 55 % and is associated with a poor prognosis, especially in
the presence of multiple organ failure [7]. In the past years of
the conflict in Ukraine, signs of AKI were observed in 37.9 %
of wounded who were admitted to the intensive care units [8].

In addition to the nature of the trauma itself, combat
injury is also distinguished by the background where it
occurs. Combat conditions are characterized by chronic
background stress as a result of severe emotional and physical
strain, uncomfortable weather conditions, deprivation of
sleep, drinking and food [9]. Even if a soldier has free access
to water, in stressful conditions the sense of thirst may be
inadequate. As a result, such a phenomenon as voluntary
dehydration is frequent among combatants [10—12].

The most common clinical manifestations of dehydration
are thirst, dry skin and mucous membranes, dark urine or
oliguria. In laboratory studies, hemoconcentration with
increased levels of hemoglobin and hematocrit is noted
[13, 14]. On the contrary, blood loss is characterized by
hemodilution and anemia [15]. Calculation methods for
determining deficit of the water [16] or circulating blood
volume [17] using the hematocrit level are based on this.
Accordingly, when dehydration and posthemorrhagic anemia
are combined in one patient, the hemoglobin and hematocrit
levels will not correspond to the severity of either dehydration
or blood loss.

Hemodynamic instability develops with a loss of about
5 % of body weight due to dehydration or with a blood loss
of about 30 % of circulating blood volume, which for a man
weighing 80 kg will be 4,000 ml of fluid and 1,680 ml of
blood, respectively [5, 13]. Up to this point, there is a hidden
hypovolemia, which is important to diagnose in order to
timely start restoring the fluid or blood volume [18].

Bedside echocardiography plays an important role in the
diagnosis of hidden hypovolemia. This is a non-invasive study
method that every anesthesiologist can master at the basic
level. It allows to carry out a qualitative assessment of the
myocardium contractile function and to create an idea of the
state of pre- and afterload in a patient [19]. A sign of severe
hypovolemia is the “kissing” of the left ventricular papillary

muscles, when the left ventricular cavity completely collapses
at the end of systole. This phenomenon is characterized
as a hyperdynamic left ventricle [20]. Another sign of
hypovolemia that is quickly diagnosed by ultrasonography
(US) is the inferior vena cava (IVC) diameter variability. A
small IVC (less than 17—21 mm according to various authors)
with an inspirational collapse of more than 50 % in patients
with spontaneous breathing indicates a low (below 5 mm Hg)
central venous pressure [21, 22]. Complete IVC collapse
during inspiration indicates an intravascular fluid deficiency
[23].

In Ukraine, to assess the degree of dehydration, a tissue
hydrophilicity test (THT) according to P.I. Shelestiuk
(also known as McClure tissue hydrophilicity test in
Western literature) is routinely used. After disinfecting the
skin, 0.25 ml of 0.9% sodium chloride solution is injected
intradermally into the front surface of the forearm; the degree
of dehydration is calculated by the time until the complete
resorption of the formed “lemon peel” (Table 1) [24, 25].

25 % of the calculated infusion volume is administered in
the first hour of treatment, the next 25 % — in the following
two hours, the last 50 % — until the end of the first day of
treatment [25]. Thus, in the first hour of treatment, the
infusion rate reaches 1,400 ml/h.

Treatment for rhabdomyolysis also involves aggressive
infusion therapy with balanced crystalloid solutions. But
at the same time, the rate of infusion is 200—1,000 ml/h
depending on the severity of rhabdomyolysis, and its
total volume is 2—3 times daily need (i.e. 50—90 ml/kg).
In addition, with oliguria due to rhabdomyolysis, it is
recommended to add saluretics to the therapy, which is
contraindicated in case of dehydration [7, 26].

Thus, given the multiplicity of possible causes of oliguria
in combat trauma, their differential diagnosis is of great
importance for choosing the correct treatment.

The aim of our work was to analyze three clinical cases
of oliguria caused by dehydration in wounded with combat
trauma to better understand the severity of the condition of
such victims and to improve medical aid for them.

Clinical case 1

Patient K., a 35-year-old man, was taken to the tertiary
care hospital on the second day after the injury with a
diagnosis of blast injury, open fracture of the left femur,
shrapnel wounds to the neck, left shoulder, and left hand.
Primary surgical treatment of wounds, fixation of the fracture
with an external fixation device, antibiotic administration,
transfusions and fluid therapy were performed at the previous
stages of treatment.

Upon admission, the general condition was serious,
stable. Glasgow coma scale (GCS) score 15. Spontaneous
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breathing through natural airways was adequate. Blood
pressure (BP) 130/80 mm Hg without sympathomimetics,
heart rate (HR) 82 bpm, body temperature 37.1 °C.
Hemoglobin level of 86 g/L, hematocrit of 26.0 %. Infusion,
antibiotics, venous thromboembolism (VTE) and stress ulcer
prophylaxis were prescribed [27, 28].

In the first 6 hours of treatment, despite the infusion of
balanced crystalloid solutions at a rate of 200—400 ml/h, the
patient had oliguria (diuresis of 0.18 ml/kg/h). Because of the
stable hemodynamics, an adequate volume of transfusion in
the previous stages of evacuation, no signs of active bleeding,
hyperazotemia (serum urea level of 21.0 mmol/L, creatinine
of 457 pymol/L), an increase in the serum creatine kinase
level up to 8,128 U/L, AKI was suspected. A renal US was
performed, which did not reveal any signs of kidney damage
or impaired renal blood flow. Focused echocardiographic
examination showed signs of hyperdynamism (left ventricular
cavity collapse in systole) and low central venous pressure
(IVC diameter of 7 mm with full inspiratory collapse),
suggesting hypovolemia.

The patient’s medical history has been clarified again.
He denied kidney disease. Upon further investigation, it
was found that the patient had hardly consumed any liquid
during the two days before the injury. THT was conducted;
the time of papule resorption was equal to 5 minutes, which
corresponded to a severe degree of dehydration.

The calculated infusion volume was 60 ml/kg (5,400 ml)
of balanced crystalloid solutions, which were administered
according to the protocol [25]: 25 % in the first hour of
treatment, the next 25 % — in the following two hours,
the last 50 % — until the end of the first day of treatment.
In addition, the patient was allowed to drink without
restrictions. Upon starting rehydration, diuresis has restored
within two hours and amounted to 0.7—2.1 ml/kg/h
(4,000 ml per day).

Hemoglobin on the first day of treatment decreased to
77 g/L, hematocrit to 23.7 %, urea level to 18.3 mmol/L,
creatinine to 321 pmol/L, creatine kinase to 4,250 U/L. On
the third day, the level of urea was 12.7 mmol/L, creatinine
was 171 umol/L, creatine kinase was 2,817 U/L. In the next
days, positive clinical and laboratory dynamics was observed.
The patient was transferred to the orthopedics department in
a moderate condition on the 4" day of treatment.

Clinical case 2

Patient B., a 50-year-old man, was brought to the
tertiary care hospital on the second day after the injury with
the diagnosis of blast injury, gunshot shrapnel blind non-
penetrating wounds of the chest, lumbar area, left buttock,
open fracture of the right scapula, right-sided pneumothorax,
shrapnel wound of the left lower limb with damage to the
superficial femoral artery, open fracture of the left femur.
Primary surgical treatment of wounds, thoracostomy,
fixation of the fractures with external fixation devices,
reconstruction of the left superficial femoral artery “end-to-
end”, fasciotomy of the left leg, antibiotic administration,
transfusions and fluid therapy were performed at the previous
stages of treatment.

Upon admission, the general condition was serious,
stable. GCS score 15. Spontaneous breathing through

natural airways, adequate. BP 130/70 mm Hg without
sympathomimetics, HR 99 bpm, body temperature 37.0 °C.
Hemoglobin level of 97 g/L, hematocrit of 28.9 %. Infusion,
antibiotics, VTE and stress ulcer prophylaxis were prescribed.

Despite balanced crystalloid solutions infusion at a rate
of 200—400 ml/h, in the first 6 hours, the patient had oliguria
(diuresis of 0.19 ml/kg/h). The volume of infusion and
transfusion at the previous stages of evacuation was adequate,
there were no signs of active bleeding, and hemodynamics
remained stable. A blood chemistry test revealed an increase
in serum urea to 18.0 mmol/L, creatinine to 378 umol/L,
myoglobin to 1,317 pg/L, and creatine kinase to 10,249 U/L.
AKI was suspected. A renal US was performed, with no signs
of kidney damage or impaired renal blood flow. Focused
echocardiographic examination showed evidence of left
ventricular hyperdynamism and complete inspiratory IVC
collapse, suggesting hypovolemia.

The patient’s medical history has been clarified. He
denied kidney disease. During a more detailed investigation,
the patient noted that he had not consumed liquid during
24 hours before the injury. THT was conducted; the time of
papule resorption was 7 minutes, which corresponded to a
severe level of dehydration.

The calculated infusion volume was 60 ml/kg (5,400 ml)
of balanced crystalloid solutions, which were administered
according to the protocol [25]. The patient was also allowed
to drink without restrictions. Against the background of
rehydration, diuresis was restored within two hours and
amounted to 1 ml/kg/h (2,300 ml per day).

After the first day of treatment, hemoglobin decreased
to 80 g/L, hematocrit to 24.4 %, urea level to 17.3 mmol/L,
creatinine to 128 umol/L, creatine kinase to 3,628 U/L. In
the next days, positive dynamics was observed. The patient
was transferred to the next evacuation phase in a state of
moderate severity on the 5™ day of treatment.

Clinical case 3

Patient K., a 44-year-old man, was brought to the
tertiary care hospital on the second day after the injury
with a diagnosis of blast injury, open fractures of the right
humerus and both bones of the left forearm, shrapnel
wound of the chest, contusion of the right lung, right-sided
hemopneumothorax. Primary surgical treatment of wounds,
thoracostomy, fixation of the fractures with external fixation
devices, antibiotic administration, transfusions and fluid
therapy were performed at the previous stages of treatment.

Upon admission, the general condition was serious,
stable. GCS score 15. Spontaneous breathing through natural
airways, adequate. Blood pressure 120/80 mm Hg without
sympathomimetics, heart rate 88 bpm, body temperature
36.8 °C. Hemoglobin level of 89 g/L, hematocrit of 27.8 %.
Infusion, antibiotics, VTE and stress ulcer prophylaxis were
prescribed.

In the first 6 hours of treatment, despite the infusion of
balanced crystalloid solutions at a rate of 200—400 ml/h,
the patient had oliguria (diuresis of 0.31 ml/kg/h).
Hemodynamics remained stable, there were no signs of active
bleeding. The amount of replenishment of blood loss in the
previous stages of evacuation was adequate. Due to oliguria,
hyperazotemia (blood serum urea increased to 22.9 mmol/L,

508

Emergency Medicine (Ukraine), ISSN 2224-0586 (print), ISSN 2307-1230 (online)

Vol. 20, No. 6, 2024



Aikapto, Wwo npaktmkye / Practicing Physician

creatinine to 333 umol/L) and signs of rhabdomyolysis
(blood serum myoglobin elevated to 1,566.5 pg/L, creatine
kinase to 7,138 U/L), AKI was suspected. No signs of kidney
damage or impaired renal blood flow were detected during
renal US. Focused echocardiographic examination showed
evidence of the left ventricular hyperdynamism and complete
inspiratory IVC collapse, suggesting hypovolemia.

The patient’s medical history has been clarified again.
He denied kidney disease, but noted that practically had not
consumed any liquid during 24 hours preceding the injury.
THT was performed and was equal to 12 minutes, which
corresponded to a severe level of dehydration.

The calculated infusion volume was 60 ml/kg (4,800 ml)
of balanced crystalloid solutions, which were administered
according to the protocol [25]. In addition, the patient was
allowed to drink without restrictions. Against the background
of rehydration, diuresis was restored within two hours and
amounted to 1.5—2.1 ml/kg/h (3,500 ml per day).

In 12 hours, the amount of hemoglobin decreased to
71 g/L, hematocrit to 21.8 %, urea level to 9.3 mmol/L,
creatinine to 92 umol/L, creatine kinase to 4,617 U/L. In
the future, positive dynamics was observed. The patient
was transferred to the next evacuation phase in a state of
moderate severity on the 5" day of treatment.

Discussion

The described cases demonstrate the complexity of
the combined effect of blood loss, rhabdomyolysis and
dehydration on the patient’s condition.

In all three cases, the victims had severe blast injuries
with massive blood loss. Accordingly, the main attention
was paid to the injury, blood loss and the adequacy of its
replenishment both during the history collection and the
condition assessment. Adequate volume and composition
of infusion-transfusion therapy at the pre-hospital stage;
absence of signs of hemodynamic instability; post-
hemorrhagic anemia, which masked dehydration; the very
nature of the injury, which implies rhabdomyolysis and the
risk of kidney damage; the presence of biochemical markers
of rhabdomyolysis and hyperazotemia in the blood — all
these factors created conditions for oliguria to be considered
a sign of AKI, and not hypovolemia. At the same time,
hemoconcentration due to dehydration masked the real
degree of posthemorrhagic anemia.

Renal US and focused echocardiographic examination
helped exclude renal causes of oliguria and revealed signs
of hypovolemia, which were confirmed by anamnestic
data and THT results. This allowed to choose the correct
tactics of fluid therapy and abstain from the inappropriate
use of saluretics, thanks to which it was possible to quickly
compensate for the fluid deficit, avoid the development of
kidney damage and the potential need for renal replacement
therapy.

Conclusions

Oliguria is a frequent complication of combat gunshot
injury. Although it is most often associated with acute kidney
injury from rhabdomyolysis, it should also be considered that
in a combat environment, a soldier’s access to water may be
limited and the injury may be accompanied by dehydration.

In the cases presented by us, the differential diagnosis of
the causes of oliguria made it possible to detect signs of
severe dehydration, to abstain from the inappropriate use of
saluretics, to quickly compensate for the fluid deficit, and to
avoid the development of kidney damage and the need for
renal replacement therapy.
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Kpiwragop A.A., Kpaseup O.B., KnmryHeHko O.M., lNaowweHko KO.O., CeaiHkiH B.A.
AHIMPOBChKA AEPXXQABH MEANYHNV YHIBEPCUTET, M. AHIMPO, YkpaiHa

OAirypist Ha TAI Aeriapartauii npu 60MoBin TpaBmi
(cepis BUNAAKiIB)

Pesiome. Akmyaavnicmo. BoiioBa BorHenajibHa TpaBMa 3Ha4HO
BiIpi3HSIETHCS Bill TPaBMU MUPHOTO 4acy. /s 6oitoBoro mno-
paHEHHST XapaKTepHe MpeBaTlOBaHHSI TPOHUKHUX YIIKOIKECHbD,
1110 30iJbIIyE 00’€M KPOBOBTpATU Ha JOTOCIITaJIbHOMY €Talli,
Ta pyiiHYBaHHsI BEJIMKMX MacUBiB M’S130BOi TKAHUHU (pabmIoMio-
J1i3), sIKe MPU3BOIUTH 10 TOCTPOTO YpaxkeHHsI HUpoK. Kpim Toro,
0oiioBa TpaBMa BiZOyBAaETHCS B yMOBaX XPOHIYHOTO (POHOBOTO
CTpecy BHACTIIOK TSKKMX €eMOLIIMHUX i (Di3MYHMX HAaBAaHTaXeHb,
HEKOM(OPTHUX MOTOAHUX YMOB, IM030aBAEHHSI CHY, TUTTS Ta iXi.
Tomy cepen conpar B 00iOBMX YMOBax MOUIMPEHE TaKe SIBUILE,
SIK «T00pOBiIbHA AerigpaTalis». Y TMopaHeHHUX OJITypilo 4acTo
PO3MISIAAIOTH SIK Pe3yJIbTaT TOCTPOTO MOIIKOMAXKEHHS HUPOK, ajie

BOHAa TaKOX MOKe OyTH CUMIITOMOM TSIXKKOI1 nerinpartatiii. Memoro
Haloi poboTH OyJI0 TTpoaHaIi3yBaTH TPU KIIHIYHUX BUTAIKU
oJIiTypii, CHPpUYMHEHOI 3HEBOAHEHHSIM, Y IIOPaHEHUX i3 00110BOIO
TPaBMOIO JUIsI TTOKPAIICHHST PO3YMiHHSI TSKKOCTI CTaHy TaKUX
MOCTPaXAAIMNX i YIOCKOHAJIEHHSI HaJaHHS IM MEIMYHOI 10MO-
Moru. Mamepiaau ma memodu. Y cTaTTi onycaHa IMHaMiKa cTaHy
TPbOX Y0JIOBIKiB 35, 50 Ta 44 poKiB i3 00IOBUMM BOTHETTAIbBHUMU
MOpaHEeHHSIMU KiHIiBOK, SKi Hamiium 1o ctamionapy 111 piBHs
Ha pyry 100y micist nopaHeHHs 3 osirypieto (0,18—0,19 ma/xr/
roji) i BUCOKMM piBHEM KpeaTuHiHy (Biax 333 1o 457 MKMOJIb/1).
Pe3yassmamu. Yci natiieHTH OyTU B CBiIOMOCTI, TUXaTU CTIOHTaH-
HO, MaJu CTa0ibHY FeMOJMHAMIKy Ta MOMipHY aHEeMilo ITicst
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Aikapto, Wwo npaktmkye / Practicing Physician

remoTpaHcdy3ii Ha gorocmiTanbHOMY eTari. [1pu chokycoBaHOMY
yJIBTPa3BYKOBOMY JOCJIIKeHHI BUSIBJIEHI TilepanHaMis JiBO-
ro IJIYHOUKa i MaJieHbKa HUKHSI TTOPOXHHUCTA BEHA 3 TTOBHUM
IHCTIipaTOPHUM KOJIATICOM, IO CBiTYMIIO TIPO TinmoBosieMito. [1pu
YTOUHEHHI aHaMHe3y TaIli€EHTU 3a3HaYUIU, 110 HE BXUBAIU Pi-
IUHU TIpoTsiroM 1—2 ni6 1o MoMeHTy TpaBMM. Byia nmpoBeneHa
npo6a Ha rigpodinbHiCTh TKAHUH, SIKA MTOKa3aJia TSKKY JeTipa-
Tailito B ycix Bunaakax. O6’em iHby3ii, po3paxoBaHUii 32 HOMO-
rpamoro I1.1. Ilenectioka (y mogudikaiii O.B. Kpasens Ta iH.),
ctaHOBUB 60 MJI/KT 30aJlaHCOBAaHUX KPUCTATOITHUX PO3YMHIB.
[Ticna moyaTKy perigparaliii Aiype3 BiITHOBUBCS MTPOTSITOM JBOX
roavH i craHoBuB 0,7—2,1 MJI/KI/ToA Y BCiX TPbOX Malli€HTIB.
PiBeHb KpeaTnHiHy HOpMaji3yBaBcs yepe3 2—4 nHi. Yepes 4—5
JHIB TOCTpaXxJali B CTaHi cepeHbOI TSKKOCTI Oyu nepeBeneHi

3 BiIIiJICHHSI iHTEHCUBHOI Tepartii 70 mpodiabHOTO BiImileHHS
a00 Ha HACTYIHMIA eTan eBakyallii. Bucnoeku. OJirypis € 4acTum
YCKJIaAHEHHSIM 00i0BO1 BOrHEMaJIbHOI TpaBMU. Xo4ya Hailyac-
Tillle BOHA TTOB’si3aHa 3 TOCTPUM ITOIIKOIXKEHHSIM HUPOK BHa-
CIIiIOK pabmoMioJii3y, CIi TaKOX BpaxOBYBaTH, 110 B OOMOBUX
YMOBax JOCTYIl COJIIAT IO BOAU MOXe OyTU OOMEXEHUM i TpaB-
Ma MOXe€ CyIpPOBOKYBATUCS AeTiapaTalli€lo. Y mpeacTaBlIeHUX
HaMW BUMAAKaxX nudepeHIliiiHa JiarHocTuKa MPUIUH OIrypii
B MOPAaHEHUX J03BOJIMJIa BUSBUTU O3HAKU TSIXKKOI JeTinpara-
11i1, BIAMOBMUTUCS Bill HEMOLJILHOTO 3aCTOCYBaHHSI CalypeTUKIB,
IIBUJIKO KOMIIEHCYBATH NeMillUT piiHUA Ta YHUKHYTU PO3BUTKY
TTOIIKO/IKEHHSI HUPOK i TTOTpeOu B 3aMiCHilt HUPKOBIii Teparrii.
KmouoBi c10Ba: 6oitosa TpaBMa; feriaparaliist; padaoMionis; «10-
OpoBiJbHA JeriapaTalis»
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