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Abstract  

Background: Microcirculatory function is the main pre-
requisite for adequate tissue oxygenation and organ function.  

It transports oxygen and nutrients to tissue cells, ensure  
adequate immunological function and, in disease, delivers  
therapeutic drugs to target cells. Recruiting microcirculation,  
i.e., non-perfused or intermittently perfused capillaries might  
improve tissue perfusion, mitigating the progression to organ  
failure and death. Nitroglycerin has been used in different  

shock states particularly in sepsis. The effect is variable and  
debatable suggesting an improvement of microcirculation.  

Patients and Methods: 60 adult patients with hemorrhagic  
shock admitted to the Emergency Department within 6 hours  
of trauma event, resuscitation immediately started according  
to advanced trauma life support ATLS® protocol 2016 with  

control of the bleeding source. Nitroglycerine patch 5mg  

applied to patients after the first hour of resuscitation. The  
study period corresponded to the outcome of the first 48 hours  

of trauma unit or ICU resuscitation. Patients considered  
successfully resuscitated if they had normal lactate levels  

(≤2mmol/L).  

Results:  60 patients enrolled in this study, 10 patients  
were excluded; 3 of them due to uncontrolled bleeding and  

7 due to marked hypotension. 50 patients continued in the  
study (38 men, 12 women) with mean age was (29.1 ± 10.8ys);  
of them 45 survived (90%) and 5 did not survive (10%).  
Patients received mean crystalloid volume (6100 ± 1410.67ml),  
mean colloid volume (490 ±457.25ml), mean packed RBCs  
(4.34± 1.33 units), mean fresh frozen plasma (3.08± 1.65 units)  
and mean nor-adrenaline dose (7.94± 10.55µg/kg/minute).  
Baseline perfusion index was (0.37±0.21), mean heart rate  
(128.46± 18.18 beat/minute), systolic blood pressure (78.08 ±  
7.47mmHg), diastolic blood pressure (40.20±7.39mmHg),  
mean arterial pressure (53.44±6.43mmHg), central venous  
pressure (–1 .46±2.77cmH2O) and baseline modified shock  
index was (2.45±0.56). Baseline serum lactate was (8.61 ± 1.86  
mmol/L), base deficit was (–12.59±5.57). Perfusion index  
showed statistically significant increase in survivors than non  
survivors at 12, 18, 24, 30, 36, 42, 48 hours (p<0.001). Serum  
lactate level was significantly higher in non survivors group  

than survivor group (p<0.001). Base deficit was significantly  
higher in non survivors than survivors (p<0.001).  
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Conclusion: Use of nitroglycerin patch 5mg improved PI  
at 6 to 48 hours post resuscitation and reduce mortality rate  
(in this study was 10%) while in other previous studies with  

the same sample size of hemorrhagic shock patients without  

use of nitroglycerin it was higher (about 30%).  

This study is registered at www.clinicaltrials.gov  under  
number NCT03235921.  
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Introduction  

SHOCK  is defined as acute circulatory with inad- 
equate or inappropriately distributed tissue per- 
fusion resulting in generalized cellular hypoxia  
[1] . 

 

Impaired tissue perfusion in hemorrhagic shock  
is due to both hypovolemia (decreased preload)  
and anemia (decreased arterial oxygen content).  
This has obvious therapeutic implications in that  
both volume oxygen carrying capacity must be  
restored [2,3] .  

The initial stages of shock are characterized by  
hypoperfusion and hypoxia resulting in cellular  
ischaemia as oxygen demand exceeds supply. Pre-
viously thought that cellular ischaemia is the un-
derlying pathophysiological process, now it is  
appreciated that this is simply the trigger for a  
complex chain of events. Cellular hypoxia leads  
to local vasoconstriction, thrombosis and release  
of oxygen free radicals causing direct cellular  
damage and endothelial dysfunction [4] .  

Parameters related to macro-circulation, such  
as the mean arterial pressure, central venous pres-
sure, cardiac output, mixed venous saturation and  
central oxygen saturation, are commonly used in  

hemodynamic assessment of critically ill patients.  
However, several studies have shown that there is  
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dissociation between these parameters and the state  

of microcirculation in this group of patients. Tech-
niques that allow direct viewing of the microcircu-
lation are not completely disseminated, nor are  
they incorporated into the clinical management in  
shock. The numerous techniques developed for  

microcirculation assessment include clinical as-
sessment (e.g., peripheral perfusion index, capillary  

refill time and temperature gradient), laser Doppler  
flowmetry, tissue oxygen assessment electrodes,  

video-microscopy (orthogonal polarization spectral  

imaging, side-stream dark field imaging or incident  

dark field illumination) and near infrared spectros-
copy. In the near future the monitoring and opti-
mization of tissue perfusion by direct viewing and  
microcirculation assessment may become a goal  
to be achieved in the hemodynamic resuscitation  
of critically ill shock patients [5] .  

The microcirculation consists of the smallest  

blood vessels (<100  tm diameter) where oxygen  
release to the tissues takes place, and consists of  

arterioles, capillaries and venules. The main cell  
types comprising the microcirculation are the en-
dothelial cells lining the inside of the microvessels,  

smooth muscle cells (mostly in arterioles), red  
blood cells, leukocytes, and plasma components  

in blood. The structure and function of the micro-
circulation is highly heterogeneous in different  
organ systems. In general, driving pressure, arteri-
olar tone, hemorheology and capillary patency are  

the main determainents of capillary blood flow [6] .  

The regulatory mechanisms controlling micro-
circulatory perfusion are classed as myogenic  
(sensing strain and stress), metabolic (regulation  

based on O 2 , CO2, lactate and H+), and neurohu-
moral. This control system uses autocrine and  

paracrine interactions to regulate microcirculatory  
blood flow to meet the oxygen requirements of  

tissue cells the endothelial cells lining the inside  
of the microvessels play a central role in this control  

system by sensing flow, metabolic, and other reg-
ulating substances to regulate arteriolar smooth-
muscle-cell tone and capillary recruitment [7] .  

Endothelial cell-to-cell signaling transmits  
upstream information about hemodynamic condi-
tions downstream. The endothelium is also impor-
tant in controlling coagulation and immune func-
tion, both of which directly affect and define  

microcirculatory function [8] .  

Microcirculatory dysfunction is characterized  

by heterogeneous abnormalities in blood flow with  

some capillaries being under perfused, while others  

have normal to abnormally high blood flow. Func- 

tionally vulnerable microcirculatory units become  

hypoxic, which explains the oxygen extraction  
deficit. In this condition, the microcirculatory  
partial pressure of O 2  (gpO2) drops below the  
venous pO2. This disparity has been termed the  

"PO2  gap", a measurement of the severity of func-
tional shunting, the occurrence of which is more  
severe in sepsis than in hemorrhage. It is the main  

reason why monitoring systemic hemodynamic-
derived and oxygen-derived variables is not able  
to sense such microcirculatory distress and mask  
this on-going process [7] .  

It has been postulated that interventions aiming  

to recruit microcirculation, i.e., open non-perfused  

or intermittently perfused capillaries might improve  

tissue perfusion, mitigating the progression to  

organ failure and death [9] .  

Nitroglycerin has returned back to clinical  

practice in different shock states particularly in  

sepsis. The effect is variable and debatable sug-
gesting an instantaneous improving of microcircu-
lation [10,11] .  

Basically loss of hemodynamic coherence due  
to injury to microcirculation after shock has raised  

attention to two major advances; first to restore  

coherence via real time monitoring of microcircu-
lation and looking for pharmacological tools to  

resuscitate microcirculation. Among these tools  

are vasodilators of them recently studied is the  

nitroglycerin.  

Bedside monitoring of peripheral circulation  
has gained importance after introduction of per-
fusion index and point of care monitoring of serum  
lactate level and both have been reported to have  

a good sensitivity to detect morbidity and mortality  

among shocked patients [10] .  

Tachon et al., (2014), showed that sublingual  
microcirculation was impaired up to 72 hours after  
traumatic hemorrhagic shock. The aim was to  
improve the microcirculatory flow adding NO as  

a mediator for vasodilatation to antagonize the  

vasoconstriction in shock states. Visualization of  
sublingual circulatory flow using SDM has drew  
the attention to the role of vasodilators in shock  

[12] .  

Two important studies in sepsis and septic shock  
showed improvement of sublingual microcircula-
tion as evidenced by Peter E Spronk et al., [11,13] ,  
on the other hand Trzeciak S et al., study showed  
no benefit [14] .  
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Lima claimed that monitoring of bedside pe-
ripheral circulatory parameters should be fully  
studied before wide clinical use of sublingual  
microcirculation [15] .  

In other studies intravenous nitroglycerin in a  

dose response study of small sized trial showed  
that nitroglycerin can revert peripheral circulatory  

changes associated with septic shock [10] .  

This study for the first time introduce nitroglyc-
erin patch as a part of resuscitation protocol in a  

group of acute hemorrhagic shock patients due to  

trauma and observe the effects on peripheral per-
fusion parameters; perfusion index, modified shock  

index and serum lactate level and how these vari-
ables change during the first 48 hours post trauma.  

The primary endpoint is death within 48 hours.  

Patients and Methods  

This study was conducted in the Trauma Unit  

and Trauma ICU of Assiut University Tertiary  
Hospital from July 2016 to July 2017 after approval  

of the Local Research Ethics Committee of Faculty  

of Medicine, Assiut University. A written informed  

consent was obtained from each patient according  

to Institutional Ethical Committee Policy.  

This trial was a prospective observational open  
trial of 60 adult poly-traumatized patients with  

hemorrhagic shock admitted to trauma unit within  
6 hours of the trauma event fulfilling the inclusion  

criteria and underwent resuscitation according to  

advanced trauma life support ATLS® protocol  
2016 [16]  with control of source of bleeding.  

This study is registered at www.clinicaltrials.  
gov  under number NCT03235921.  

Inclusion criteria:  

Age:  >_ 18 years old, systolic blood pressure  
below 90mmHg, mean blood pressure below 70  
mmHg or decrease of systolic blood pressure 40  
mmHg below normal value, metabolic acidosis  

with PH less than 7.35 due to hypoperfusion,  

capillary refill time >4 seconds, normal body core  

temperature, Injury Severity Score ISS >_25, Mod-
ified Shock Index MSI cut-off point of more than  

1.5, serum lactate level more than 2mmol/L, per-
fusion index cut-off point of 0.4 or less.  

Study protocol:  
On admission, the Injury Severity Score ISS  

and Modified Injury Severity Score (MISS) were  
calculated. The Injury Severity Score (ISS) is an  

anatomical scoring system for patients with poly-
trauma. Each injury is assigned as an Abbreviated  

Injury Scale (AIS). Injuries are ranked on a scale  

of 1 to 6, with 1being minor, 5 severe and 6 a non  
survivable injury. The ISS had values from 0 to  

75. The ISS is the only anatomical scoring system  

in use with a linear correlation with mortality,  
morbidity, hospital stay and other measures of  
injury severity [17] .  

As multiple injuries in the same body region  
are assigned a single score, modification of the  
ISS, the "New Injury Severity Score" (NISS), has  
been proposed. This is calculated as the sum of  

squares of the top three scores regardless of body  

region. The NISS has been found to be statistically  

better than the traditional ISS. NISS was calculated  

in all patients in this study  [18] .  

The study period had been corresponded to the  

outcome of the first 48 hours after resuscitation.  

Patients were considered to be successfully resus-
citated if they had normal lactate levels ( ≤2mmol/L)  
in addition to stable hemodynamic parameters at  

the end of the study period.  

All patients were resuscitated according to  

ATLS® algorithm (2016) aiming at normalizing  
perfusion parameters with aggressive bleeding  
source control and fluid loading by 1-2 liters of  

saline 0.9% or voluven, followed by Nor-
Epinephrine (NE) as needed to maintain a Mean  
Arterial Pressure (MAP) ≥65mmHg.  

When the patient entered the resuscitation room,  
a primary survey with full exposure was done.  
Patients carefully inspected for external bleeding  

sources. A supine chest X-ray, pelvic X-ray and  

focused abdominal ultrasonography of trauma  
(FAST) were obtained within 10 minutes of arrival.  

The following were done:  Establish patient  
airway, ensure adequate ventilation and oxygena-
tion, establish venous access by 2 wide bore canulae  

or central venous line and control source of bleeding  

by applying direct pressure and rapidly identify  
patients requiring surgical intervention to stop  
bleeding.  

Crystalloid solutions were used for initial re-
suscitation with a target CVP (8-12) cmH 2O, saline  
0.9% used. Low molecular weight colloid (voluven)  
solutions were also used to achieve intravascular  
volume expansion. The goal of resuscitation is to  
restore a normal blood pressure (systolic >90mmHg  

or mean arterial pressure >65mmHg).  

Application of nitroglycerin patch 5mg occurred  

after the first hour of admission with immediate  
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start of resuscitation. To avoid significant hypoten-
sion during nitroglycerin administration each pa-
tient was evaluated for adequate intravascular  

volume as evidenced by repeated volume challenges  

(250ml of crystalloid over 10 minutes) up to a  
point at which central venous pressure raised by  

more than 2mmHg.  

Nor-epinephrine was administered in cases with  
significant hypotension with MAP less than 50  
mmHg and gradually withdrawn with improvement  

of hemodynamic parameters and normalization of  
serum lactate level ( ≤2mmol/L), total vasopressors  
requirements were calculated for each patient.  

Measurements:  
Protocol-related measurements were obtained  

at 0 hour (immediately after admission), 6, 12, 18,  

24, 30, 36, 42 and 48 hours post resuscitation for  

metabolic perfusion parameters (serum lactate and  

base deficit). Perfusion index and hemodynamic  
parameters (heart rate, systolic, diastolic, mean  

blood pressure, modified shock index and central  
venous pressure) are obtained on admission and  
every hour thereafter. The outcome was recorded  

as survivor and non-survivor.  

Peripheral Perfusion Index (PI):  

Recorded using Massimo SET Rad-5 hand-held  
signal extraction oximetry (Massimo corporation,  

USA)®.  

Modified Shock Index (MSI):  

The ratio of heart rate to Mean Arterial Pressure  

(MAP).  
MAP =  [(DBP X 2) + SBP]  

3  

Serum lactate:  
Measured from a heparinized arterial sample  

using StatStrip® Lactate Xpress TM nova lactate  

point of care measuring system (Nova biomedical  

biosensor technologies)®.  

Base deficit:  
Measured from a heparinized arterial sample  

by blood gas analyzer. (Cobas b 221 Blood Gas  

System, Hoffmann-La Roche Ltd; Swiss).©  

Statistical analysis:  
Results for normally distributed continuous  

variables are expressed as mean value, standard  

deviation and inter-quartile range. Categorical data  

and dichotomous variables are shown as number  

and percentage. Comparisons of continuous varia- 

bles were performed using independent t-test.  
Proportions were compared with chi-square test.  

All reported  p-values are 2 sided with a significant  
α  level of 0.05. Differences were considered to be  

statistically significant if the null hypothesis could  

be rejected with 95% confidence (p<0.05).  

The effect of nitroglycerin on the parameters  
of peripheral perfusion was shown by the signifi-
cance of change in each parameter from baseline  

it was done with one way ANOVA test. Each pa-
rameter was compared in survivors and non survi-
vors using independent t-test.  

The SPSS Ver. 20 statistical software package  

(SPSS for Windows Release 20.0.0; SPSS Inc,  

Chicago, Ill, USA)® package was used for statis-
tical analysis. It was used for all calculations,  

except ROC curve analysis which was done using  

“Medcalc 7” statistical software package available  

at http://www.medcalc.org .  

Results  

This study enrolled 60 adult poly-traumatized  
patients with hemorrhagic shock fulfilling the  
inclusion criteria, 10 patients were excluded; 3 of  
them due to uncontrolled bleeding (retroperitoneal  

hematoma) and the other 7 due to marked hypo-
tension BP <60/20 not responding to fluid therapy  
and vasopressors.  

The other 50 patients upon whom the study  
continued (38 men and 12 women) with mean age  
was (29± 10.8 ys) of whom 45 survived (90%) and  
5 non-survivors (10%). Patients received mean  

crystalloid volume (6100± 1410.67ml), mean colloid  
volume (490±457.25ml), mean packed RBCs (4.34  
± 1.33 units), mean fresh frozen plasma (3.08 ± 1.65  
units) and mean nor-adrenaline dose (7.94 ± 10.55  
µ g/kg/minute).  

As regard the baseline parameters of peripheral  

perfusion on admission; perfusion index was (0.37 ±  
0.21), capillary refill time was (4.64 ± 1.15 seconds).  

Baseline hemodynamics on admission; mean  
heart rate was (128.46± 18.18 beat/minute), systolic  
blood pressure was (78.08 ±7.47mmHg), diastolic  
blood pressure was (40.2 ±7.39mmHg), mean arte-
rial pressure was (53.44 ±6.43mmHg), central ve-
nous pressure was –1 .46 ±2.77cmH2O) and modi-
fied shock index was (2.45 ±0.56). Baseline  
metabolic parameters of perfusion; serum lactate  

was (8.61 ± 1.86mmol/L), base deficit was (–12.59±  
5.57) (Table 1).  
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Parameters of peripheral perfusion:  
Perfusion index:  

There was a significant increase (p<0.001) from  
baseline at 6, 12, 18, 24, 30, 36, 42, and 48hrs post  
resuscitation (Table 2). Perfusion index showed a  
statistically significant increase in survivors than  
in non survivors at12, 18, 24, 30, 36, 42 and 48hrs.  
Fig. (2).  

Modified Shock Index (MSI):  
There was a significant decrease (p<0.05) of  

MSI from baseline at 12, 18, 24, 30, 36, 42 and  
48hrs post resuscitation (Table 3). Modified shock  
index was significantly higher in non survivors  
than in survivors (p<0.001) at  12, 18,  24, 30, 36,  
42, and 48hrs. Fig. (3).  

Serum lactate:  
There was a significant (p<0.05) decrease in  

serum lactate from baseline at 6, 12, 18, 24, 30,  
36, 42, and 48hrs post resuscitation (Table 4).  
Serum lactate was significantly higher in non  
survivors than survivors (p<0.001) at 6, 12, 18,  
24, 30, 36, 42 and 48hrs. Fig. (4).  

Base deficit:  
There was a significant (p<0.05) decrease in  

base deficit from baseline at 18, 24, 30, 36, 42 and  
48hrs post resuscitation (Table 5). Base deficit was  

significantly higher in non survivors than in survi-
vors (p<0.001) at 18, 24, 30, 36, 42 and 48hrs.  
Fig. 5).  

Table (1): Demographic data, baseline measurements and total  
requirements of fluids, blood products and vasopres-
sors.  

Variable  

Age  
Sex:  

Male  
Female  

RBCs  
Crystalloid. within 24h  
EP  
NE  
Colloid within 24h  
FFP within 24h  
HR-0  
SBP-0  
DBP-0  
MAP-0  
CVP-0  
Survival:  

Survivor  
Non survivor  

29.1 ± 10.8 (18-39)  

46 (92%)  
4 (8%)  
4.34± 1.33 (2-7)  
6100± 1410.67 (5500-7511)  
10.98± 10.54 (0-35)  
7.94± 10.55 (0-32)  
490±457.25 (0-1500)  
3.08± 1.65 (1-6)  
128.46± 18.19 (106-176)  
78.08±7.48  (59-94)  
40.2±7.39 (28-52)  
53.44±6.44 (40-63)  
–1.46±2.77 (–10-3)  

45 (90%)  
5 (10%)  

1257  

Table (2): Change in Perfusion Index (PI) with time.  

Item  Study group “n=50”  

1- PI.0  0.37±0.21  
2- PI.6  0.55±0.21 **  
3- PI.12  0.94±0.35 ***  
4- PI.18  1.28±0.62***  
5- PI.24  1.49±0.66***  
6- PI.30  1.73 ±0.69***  
7- PI.36  1.93 ±0.75 ***  
8- PI.42  2.09±0.79***  
9- PI.48  2.29±0.88 ***  

Table (3): Change in Modified Shock Index (MSI) with time.  

Item  Study group “n=50”  

1- MSI.0  2.45±0.56  
2- MSI.6  2.01 ±0.44  
3- MSI.12  1.92±0.69*  
4- MSI.18  1.89±0.76*  
5- MSI.24  1.78±0.80**  
6- MSI.30  1.74±0.88 **  
7- MSI.36  1.58±0.96***  
8- MSI.42  1.49±0.96***  
9- MSI.48  1.48± 1.03***  

Table (4): Change of serum lactate with time.  

Item  Study group “n=50”  

1- Lactate.0  8.61± 1.86  
2- Lactate.6  6.66±2.48*  
3- Lactate. 12  6.06±3.10*  
4- Lactate.18  5.23±3.36**  
5- Lactate.24  4.28± 1.41**  
6- Lactate.30  3.49± 1.39***  
7- Lactate.36  3.12± 1.51***  
8- Lactate.42  3.03± 1.56***  
9- Lactate.48  2.80± 1 .70***  

Table (5): Change of base deficit with time.  

Item  Study group “n=50”  

1- BEecf.0  –12.59±5.57  
2- BEecf.6  –11.52±4.76  
3- BEecf.12  –10.62±4.84  
4- BEecf.18  –8.56±2.70*  
5- BEecf.24  –7.68±2.06**  
6- BEecf.30  –5.89± 1.51***  
7- BEecf.36  –3.92± 1.09*** 
8- BEecf.42  –2.76± 1.30***  
9- BEecf.48  –2.41 ± 1.69***  

Value  
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60 patients with  
hemorrhagic shock  

 

        

     

50 patients continued  
the study  

 

10 patients excluded  
(patch removed)  

 

    

       

       

        

        

45 patients  
survived 90%  
responding to  
resuscitation  

and NG  

5 patients died  
within 48 hours  

of study not  
responding to  
resuscitation  

Fig. (1): Flow chart of 60 adult poly-traumatized patients with hemorrhagic shock enrolled in the study.  

Fig. (2): Difference between survivors and non survivors in  

Perfusion Index (PI).  

5.0  
4.5  
4.0  
3.5  
3.0  
2.5  
2.0  
1.5  
1.0  
0.5  
0.0  

t0 t6  t12 t18 t24 t30 t36 t42 t48  

Fig. (3): Difference in MSI between survivors and non survi-
vors.  

Discussion  

This trial demonstrates a favorable effect of  
nitroglycerin on Perfusion Index (PI), Modified  
Shock Index (MSI), base deficit and lactate level  
in patients with hemorrhagic shock.  

The use of vasodilators in shock has been men-
tioned in septic shock with debatable and variable  
responses [10,11,19] .  

Many studies were based on the absence of  
hemodynamic coherence between macro and mi-
crocirculation. On the other hand there still a lot  
of suggestions for macro circulatory changes,  
anaerobic metabolism and peripheral perfusion  
changes to identify and predict mortality in patients  

with shock.  

In a big study, International Study on Microcir-
culatory Shock Occurrence in Acutely Ill Patients  
(micro SOAP) including more than 500 patients  
with circulatory shock due to different etiologies  
using sublingual side stream Dark Field imaging,  
abnormal microvascular flow index was present  
only in 17% of patients and was not associated  
with mortality except in patients with tachycardia,  
this indicates that there is no direct relationship  
between perfusion and oxygenation [20] .  

In contrast to HR,MAP and lactate levels in  
micro SOAP study, a pathologic oral microvascular  
flow index is not independent risk factor for hospital  

mortality [20] .  

Lima et al., claimed that abnormalities in pe-
ripheral perfusion can predict outcome in shocked  
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patients and improving these abnormalities using  

vasodilators is a priority in resuscitation [10] .  

In this study a fixed dose of nitroglycerin patch  

5mg was used to avoid rapid systemic effects such  
marked hypotension as absorption of the patch  

takes time and give a chance for resuscitation. We  
speculate that this can be a part of usual resuscita-
tion protocol.  

Comparison between baseline parameters; per-
fusion index, modified shock index and point of  
care serum lactate showed significant improvement  

in survivors than non survivors.  

Perfusion index showed highly significant (p<  
0.000) increase from baseline after 12 hours of  

patch application. In the other hand MSI showed  
highly significant (p<0.000) decrease after 36  
hours, while lactate level showed highly significant  

(p<0.000) decrease after 30 hours post patch ap-
plication.  

Lactate in particular has gained a wide accept-
ance in clinical trials as a sensitive indicator of  
cellular dysoxia.  

Recently Bakker suggested that lactate should  

be the target for early resuscitation in sepsis [21] .  

Vincet et al., reported in their review that all  
forms of circulatory shock having a decrease in  

lactate is associated with a more favorable outcome  
[22] .  

This study confirmed this concept from admis-
sion value of lactate and favorable outcome asso-
ciated with lactate clearance and considered the  

high value of lactate on admission (6 hours) from  

traumatic event is due to inadequate oxygen deliv-
ery, this raised the possibility of considering lactate  

as a monitor after altered microcirculation in trau-
matic hemorrhagic shock.  

Improving lactate under nitroglycerin patch  
treatment could be indirectly considered as an  

improvement of oxygen delivery to tissues.  

Nitroglycerin in this trial showed this effect  
due to its effect on venous capacitance increasing  

microvascular flow.  

Perfusion index showed a non significant  

change from baseline in the first 6 hours post  

resuscitation and post patch application, while after  

6 hours onwards it showed a statistically significant  
difference (p<0.01). Non-survivors had a signifi-
cantly lower PI than survivors (p<0.001).  

Modified shock index reported in this study  
follow the other parameters as it decreased signif-
icantly from 12 hours onwards post patch applica-
tion. A notable observation is that nitroglycerin  
patch caused no significant hypotension in all 50  
patients continued the study due to gradual effect  

of patch and possibility of more slow absorption  
due to presence of hemorrhagic shock.  

The mortality rate in this study was 10% with  

the use of nitroglycerin patch in resuscitation,  

while in our previous study with the same sample  

size of hemorrhagic shock patients without use of  

nitroglycerin it was 28% [23] .  
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