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Abstract 

Craniotomy is a common surgical procedure in the neurosurgery division that involves making a 

sufficient hole in the cranium for optimal intracranial access. An important part of craniotomy is the 

maintenance of stable intracranial pressure by administering furosemide. The purpose of this 

administration is to observe changes in urine output. The sampling technique used total sampling with 

a total of 31 respondents. Data were analyzed using Fisher’s exact test. The results of this study showed 

that most patients experienced changes in urine output volume of 27 respondents (87.1%) with an 

average change in urine from 245.8 ml to 1469.3 ml. There is a statistically significant relationship 

between furosemide administration and changes in urine output volume of craniotomy patients with the 

fisher exact test obtained a value of  = 0.013, so that alternative hypothesis can be accepted. The 

Conclusion there is a relationship between furosemide administration and changes in urine output 

volume of craniotomy patients at hospital in Tegal City. 
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INTRODUCTION 

The problem of head injury can occur due 

to sudden falls, vehicle accidents, sharp and blunt 

object collisions, dynamic and static object 

collisions (Manurung, 2018). A study in 2006 

showed that head injuries and wounds ranked 

sixth out of the total hospitalized cases in 

Indonesia. The highest prevalence was found in 

South Sulawesi at 12.8%, the lowest in Jambi at 

4.5%, while in Central Java province, 7.7% of 

injuries were caused by motorcycle accidents 

(40.1%). Most of the injuries were suffered by 

adults (38.8%), elderly (13.3%) and children 

(11.3%) (Riskesdas, 2018).  

Some complications of head injuries 

include increased intracranial pressure (ICP), 

subdural effusion, hydrocephalus, bleeding to 

hypovolemic shock, pain, ineffective breathing 

patterns, risk of ineffective brain perfusion, 

ineffective airway, acute pain, anxiety, infection, 

and seizures, which can lead to death (Kinanti and 

Siwi, 2022). 

In cases of severe head injury 

complications, surgical intervention such as 
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craniotomy may be required. Craniotomy is a 

common surgical procedure in neurosurgery, 

where a sufficient hole is made in the skull to 

create optimal intracranial access (Valentino et al., 

2019).  

According to Gracia (2017), the only 

anesthesia method used for craniotomy 

procedures today is neuroanesthesia. The main 

goals of neuroanesthesia are to facilitate surgery, 

control intracranial pressure and brain volume, 

protect neural tissue from injury and ischemia 

(protect the brain), and reduce bleeding during 

surgery. One way to reduce intracranial pressure 

during the duration of craniotomy surgery is by 

administering furosemide. Furosemide acts on 

intracranial pressure (ICP) by gradually relieving 

general cerebral symptoms, reducing cerebral 

edema through increased intracellular water 

transport, and concomitant periods of decreased 

pressure and cerebrospinal fluid formation. The 

magnitude of this decrease is associated with 

furosemide-induced increases in chloride and 

sodium-containing urinary secretions 

(Sidhapramudita Mangastuti et al, 2018). 

This increase in urinary secretion is of 

course closely related to changes in the volume of 

urine output, which is characterized by one of the 

signs of increased ICP, namely oliguria and then 

normal urine. This result then also indicates the 

process of urine formation which was initially 

abnormal to normal which is related to one of the 

anesthesiologist's authority, namely monitoring 

the intraoperative fluid balance to be able to get 

the results of changes in the volume of 

intraoperative urine output.  In the Central 

Surgical Installation of RSUD Kardinah Kota 

Tegal, furosemide was given as an effort to reduce 

intracranial pressure by 6 ampoules or the 

equivalent of 120 mg/12 ml (1 ampoule = 20mg/2 

ml). However, until now there has been no study 

that observed changes in urine output volume in 

craniotomy patients after furosemide 

administration, especially in Tegal City hospital. 

Therefore, this condition needs to be resolved 

through a study that aims to see changes in urine 

output volume after furosemide administration. 

Steps taken were monitoring the results of urine 

volume output during intraoperative to show the 

number of changes in urine output volume as one 

of the manifestations of decreased intracranial 

pressure.  

METHOD  

This study was an observational analytic 

quantitative method with cross sectional design. 

The population in this study were all patients who 

underwent craniotomy in the central surgical 

installation of hospitals in Tegal City from 

February 12 to March 23, 2024. The sample was 

determined by total sampling technique of 31 

respondents based on the criteria: patients willing 

to be respondents, respondents who were 

scheduled for elective craniotomy surgery or 

emergency craniotomy with general anesthesia 

techniques. patients with ASA I - IV, and patients 

aged 17 - 65 years. 

This study used instruments in the form of 

observation sheets, urometers, fluid intake and 

output charts consisting of name, medical record 
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number, diagnosis, furosemide dose, fluid in, fluid 

out, and amount of urine. Data analysis using the 

fisher excat test (X2) at the p<0.05 level of 

significance. Research ethical feasibility test at 

KEPK Poltekkes Kemenkes Yogyakarta with 

ethical feasibility letter No.DP.04.03/e-

KEPK.1/118/2024.  

RESULT AND DISCUSSION  

Table 1. Frequency Distribution of 

Respondent Characteristics Based on Age and 

ASA  

 

 

Characteristics f (%) 

Age 

Late adolescence (17 - 25 

years) 

 

4 

 

12,9 

Early adulthood (26 - 35 

years) 

2 6,5 

Late adulthood (36 - 45 

years) 

6 19,4 

Early old age (46 - 55 

years) 

14 45,2 

Late old age (56 - 65 years) 5 16 

ASA 

ASA I 

ASA II 

ASA III 

ASA III E 

ASA IV 

 

4 

13 

10 

1 

3 

 

12,9 

41,9 

32,3 

3,2 

9,7 

Total 31 100 

Table 1 shows the frequency distribution 

of the characteristics of respondents consisting of 

age and ASA of respondents with a total of 31 

respondents showing that the majority of ages that 

dominate are respondents aged 46-55 years, 

namely the age category of early adulthood with 

14 respondents (45.2%), while the least in the 

characteristics of respondents are respondents 

aged 26-35 years, namely the early adulthood age 

category with 2 respondents (6.5%). Furthermore, 

in ASA physical status, the majority of 

respondents who dominated had ASA II physical 

status with 13 respondents (41.9%), while the least 

ASA physical status in the characteristics of 

respondents was respondents with ASA III E 

physical status, namely 1 respondent (3.2%). 

a. Frequency Distribution of Furosemide Dose Use 

and Changes in Urine Output Volume of Hospitals 

in Tegal City  

Table  2. Frequency Distribution of Furosemide 

Dose Use and Changes  in Urine Output 

Volume  

 

Furosemide Drug Dosage 

Amount 

f (%) 

Furosemide at the correct 

dose (120 mg) 

29 93,5 

Furosemide inappropriate 

dose (< 120 or > 120 mg) 

2 6,5 

Total 31 100 

Changes in Urine Output 

Volume  

f (%) 

Changes in Urine Output 

Volume 

 

27 87,1 

Fixed Urine Output Volume  4 12,9 

Total 31 100 
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Table 2 shows the administration of 

furosemide with a total sample of 31 

respondents, respondents with the appropriate 

dose (120 mg) were 29 respondents (93.5%) and 

respondents with furosemide administration not 

in accordance with the dose (< 120 mg or > 120 

mg) were 2 respondents (6.5%). The data 

showed that respondents with furosemide 

administration according to the dose (120 mg) 

were more than respondents with inappropriate 

furosemide administration (< 120 mg or > 120 

mg). Then the number of respondents with 

changes in urine output volume was 27 

respondents (87.1%) and respondents with fixed 

urine output volume were 4 respondents 

(12.9%). The data showed that respondents who 

experienced changes in urine output volume 

were more than respondents who experienced a 

fixed urine output volume. 

Respondents who underwent craniotomy 

surgical procedures at Kardinah Hospital, Tegal 

City on February 12-March 23, 2024, with a total 

of 31 respondents. This study used 2 kinds of 

doses of furosemide drug use, namely with a 

dose of less than 120 mg and most with a dose of 

120 mg. The data obtained, namely, the 

administration of furosemide is not in 

accordance with the dose (< 120 mg) which is in 

a small part with the age category of the early 

elderly (46-65 years) who have ASA II then 

obtained primary data from the results of 

interviews that respondents have a body weight 

< 50 kg. 

This is in accordance with Khaliq's 

research (2020), namely ASA can have an effect 

on causing the response of certain organs to the 

absorption of drugs given intraoperatively. In 

addition, in the research of Gerontrol, et al. 

(2021) in the elderly, drug dosing must pay 

attention to factors such as changes in 

distribution volume, changes in protein binding, 

metabolic disorders, and impaired renal 

excretion.  

The variation of changes in the elderly is 

influenced by individual factors, namely 

smoking and nutritional factors (related to 

nutrition and body weight). Furthermore, this is 

in line with research conducted by Andrea Tham 

(2022), namely the dose of furosemide 

administration at the age of ≥ 17 years with a 

body weight ≥ 50 kg in several cases, namely: 

edema cases of 20-80 mg of drug administration 

once a day, can be increased by 20-40 mg every 

6-8 hours, not exceeding 600 mg / day, 

hypertension cases of 20-80 mg of drug 

administration divided every 12 hours, cases of 

acute pulmonary edema or hypertensive crisis or 

increased intracranial pressure of 40 mg IV for 

1-2 minutes then increased by an additional 80 

mg, with a maximum dose when it has not 

worked for 1 hour, namely 160-200 mg / dose.  

The action of furosemide on intracranial 

pressure is due to a decrease in central venous 

pressure, an increase in venous blood flow from 

the cranial cavity, as well as a decrease in its 

volume. Furosemide can effectively lower ICP 

in various clinical conditions examining the 

relationship between dose and magnitude of ICP 

reduction. Changes in cerebrospinal fluid 

formation with furosemide were measured 



DOI: 10.32807/jkp.v19i1.1800                                                              Jurnal Kesehatan Prima, Volume 19, Issue  1, February 2025  | 44  

 

within the dose range shown to reduce ICP, 

namely at the age of ≥ 17 years as much as 120 

mg. The results of this study are in line with the 

research of Khan et al. (2023), namely one case 

of the incidence of patients with intracranial 

hypertension of tumor origin, furosemide 

administration caused general cerebral 

symptoms to subside gradually, along with a 

period of decreased cerebrospinal fluid pressure. 

The magnitude of this decrease is attributed to 

furosemide-induced increased secretion of 

chlorine- and sodium-containing urine. Decrease 

in cerebrospinal fluid pressure or change in 

intensity of general cerebral symptoms and 

reduction of cerebral edema through increased 

cellular water transport. 

Table 3. Frequency Distribution of Mean 

Changes in Urine Output Volume Pre and Post 

Furosemide Administration  

 

Output Urine 

 Volume 

Output 

Urine 

 

Mean 

Oliguria Normal  

 f % f %  

Pre Furosemide 

Administration 

29 

 

93,5 

 

 

2 6,5 

 

245,8  

 

Post 

Furosemide 

Administration 

4 12,9 27 87,

1 

1469,3 

 

Table 3 shows the urine output rate at pre 

administration of furosemide with a total sample 

of 31 respondents, 29 respondents with oliguria 

urine volume (93.5%) and 2 respondents with 

normal urine volume (6.5%) with an average 

urine pre administration of furosemide as much 

as 245.8 ml (Oliguria). While the number of 

urine output in post furosemide administration 

with oliguria urine volume was 4 respondents 

(12.9%) and respondents with normal urine 

volume were 27 respondents (87.1%) with an 

average urine post furosemide administration of 

1469.3 ml (Normal). In the acquisition of these 

data shows that the average urine volume pre 

administration of furosemide is oliguria category 

while the average urine volume post 

administration of furosemide is normal category.  

Respondents who underwent craniotomy 

surgical procedures at Kardinah Hospital, Tegal 

City on February 12-March 23, 2024, namely a 

total of 31 respondents with a small proportion 

experiencing a fixed volume of urine output as a 

manifestation of intracranial pressure as seen 

from one of the clinical signs that oliguria still 

occurs and from the observation of 

anesthesiologists and neurosurgeons, while most 

respondents experienced changes in urine output 

volume as a manifestation of decreased 

intracranial pressure as seen from one of the 

clinical signs of normal urine production and 

fluid balance and from the observation of 

anesthesiologists and neurosurgeons. The results 

of this study are in line with Gracia (2017), the 

main objectives of neuroanesthesia are to 

facilitate surgery, control intracranial pressure 
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and brain volume, protect nerve tissue from 

injury and ischemia (protect the brain), and 

reduce bleeding during surgery.  

Changes in urine output volume can be 

seen from one of the clinical signs, namely urine 

production, this is recorded and seen on the 

intraoperative fluid intake and output chart 

which is in line with the research of Anggraini et 

al. (2016). Then also in the research of J Bell et 

al, 2014 with the results of the intake and output 

chart on diuretic administration, namely p value 

= 0.01 or with acceptable accuracy in the 

alternative hypothesis. This shows that when the 

respondent's urine production is oliguria and an 

abnormal fluid balance is obtained (< 200 ml or 

> 400 ml) it is concluded that intracranial 

pressure remains, but when urine production is 

normal and fluid balance is normal (200-400 ml) 

it can be concluded that there is a change in urine 

output volume. As for the data obtained, overall 

respondents who experienced fixed intracranial 

pressure were at an early elderly age (46-55 

years) and in ASA II and III where oliguria still 

occurs as one of the clinical signs of fixed 

intracranial pressure.  

In the research of Mayhew et al. (2019), 

namely ASA is a tool at the time of preoperative 

which can clarify or predict the difficulty of both 

surgery or anesthesia during intraoperative and 

postoperative. This analysis concluded that the 

higher the ASA, the more complications that 

arise. This is also related to the clinical and age 

of the respondents, then this is in accordance 

with the research of Sulaiman, et al. (2020), 

namely in the elderly, especially men, there is an 

enlarged prostate that can clamp the urinary tract 

and neurological disorders, while in elderly 

women it is caused by a decrease in bladder 

muscle work due to parity, number of 

pregnancies, history of birth methods, and 

history of hysterectomy surgery. 

Respondents who underwent craniotomy 

surgical procedures at Kardinah Hospital, Tegal 

City on February 12-March 23, 2024, namely a 

total of 31 respondents with a small proportion 

experiencing a fixed volume of urine output as a 

manifestation of intracranial pressure as seen from 

one of the clinical signs that oliguria still occurs 

and from the observation of anesthesiologists and 

neurosurgeons, while most respondents 

experienced changes in urine output volume as a 

manifestation of decreased intracranial pressure as 

seen from one of the clinical signs of normal urine 

production and fluid balance and from the 

observation of anesthesiologists and 

neurosurgeons. The results of this study are in line 

with Gracia (2017), the main objectives of 

neuroanesthesia are to facilitate surgery, control 

intracranial pressure and brain volume, protect 

nerve tissue from injury and ischemia (protect the 

brain), and reduce bleeding during surgery.  

Changes in urine output volume can be 

seen from one of the clinical signs, namely urine 

production, this is recorded and seen on the 

intraoperative fluid intake and output chart which 

is in line with the research of Anggraini et al. 

(2016). Then also in the research of J Bell et al, 

2014 with the results of the intake and output chart 
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on diuretic administration, namely p value = 0.01 

or with acceptable accuracy in the alternative 

hypothesis. This shows that when the respondent's 

urine production is oliguria and an abnormal fluid 

balance is obtained (< 200 ml or > 400 ml) it is 

concluded that intracranial pressure remains, but 

when urine production is normal and fluid balance 

is normal (200-400 ml) it can be concluded that 

there is a change in urine output volume. As for 

the data obtained, overall respondents who 

experienced fixed intracranial pressure were at an 

early elderly age (46-55 years) and in ASA II and 

III where oliguria still occurs as one of the clinical 

signs of fixed intracranial pressure. In the research 

of Mayhew et al. (2019), namely ASA is a tool at 

the time of preoperative which can clarify or 

predict the difficulty of both surgery or anesthesia 

during intraoperative and postoperative. This 

analysis concluded that the higher the ASA, the 

more complications that arise. This is also related 

to the clinical and age of the respondents, then this 

is in accordance with the research of Sulaiman, et 

al. (2020), namely in the elderly, especially men, 

there is an enlarged prostate that can clamp the 

urinary tract and neurological disorders, while in 

elderly women it is caused by a decrease in 

bladder muscle work due to parity, number of 

pregnancies, history of birth methods, and history 

of hysterectomy surgery. 

 

 

 

 

 

 

Relationship between Furosemide 

Administration and Changes in Urine Output 

Volume of Caranitomy Patients  

 

Table 4. Relationship between Furosemide 

Administration and Changes in Urine Output 

Volume  

Furosemide 

Dosage 

 Urine 

Output 

Volume 

 p-

value 

(Fishe

rs 

Exact 

Test) 

Changes 

in Urine 

Output 

Volume 

Fixed 

Urine 

Output 

Volume 

 

 f % f %  

Furosemide 

at the correct 

dose (120 

mg) 

27 

 

87,2 2 6,4 

0,013 

Furosemide 

inappropriat

e dose (< 

120 or > 120 

mg) 

0 0 2 6,4 

 

 

Table 4  shows that 27 respondents (87.2%) were 

given the appropriate dose of furosemide (120 

mg) with changes in urine output volume, 2 

respondents (6.4%) were given the appropriate 

dose of furosemide (120 mg) with fixed urine 
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output volume, and 2 respondents (6.4%) were 

given the inappropriate dose of furosemide (< 

120 mg or > 120 mg) with fixed urine output 

volume. The results of statistical tests with the 

alternative fishers exact test showed that the 

resulting p-value was 0.013 (p-value <0.05) 

which showed that there was a relationship 

between furosemide administration on changes 

in urine output volume of craniotomy 

respondents at Kardinah Hospital, Tegal City, 

thus it can be interpreted that the alternative 

hypothesis is accepted and the null hypothesis is 

rejected. 

Based on research conducted on 

respondents who underwent craniotomy surgical 

procedures at the Kardinah Hospital, Tegal City 

on February 12-March 23, 2024, namely a total 

of 31 respondents with a small proportion 

experiencing urine output volume as one of the 

manifestations of fixed ICT as seen from one of 

the clinical signs that oliguria still occurs and 

from the observation of anesthesiologists and 

neurosurgeons, while most respondents 

experienced changes in urine output volume as 

seen from one of the clinical signs of normal urine 

production and normal fluid balance and from the 

observation of anesthesiologists and 

neurosurgeons. 

The results of statistical tests with the 

alternative fishers exact test showed that the 

resulting p-value was 0.013 (p-value <0.05) 

which showed that there was a relationship 

between furosemide administration on changes in 

urine output volume in Tegal City Hospital, thus 

it can be interpreted that Ha is accepted and Ho is 

rejected. The results of this study are in line with 

research by Amri (2017) which states that one of 

the clinical monitoring of intracranial pressure 

can be observed from the volume of urine output 

which when the volume of urine output remains 

oliguria indicates that intracranial pressure 

remains as a sign of a cushing trias reflex, 

whereas when the volume of urine output 

becomes normal it indicates a change in the 

volume of urine output as a manifestation of 

decreased intracranial pressure in respondents.  

The data related to respondents who did 

not get furosemide according to the dose (< 120 

mg) then there was no change in urine output 

volume due to not using the gold standard dose of 

120 mg due to lack of body weight (< 50 kg) so 

that it could not meet the dose of use, this is in 

accordance with the research of Andrea Tham 

(2022) also explained that there is a dose of 

furosemide administration at the age of ≥ 17 years 

with a body weight ≥ 50 kg in several cases, 

namely: edema cases of 20-80 mg of drug 

administration once a day, can be increased by 20-

40 mg every 6-8 hours, not exceeding 600 mg / 

day, hypertension cases of 20-80 mg of drug 

administration divided every 12 hours, cases of 

acute pulmonary edema or hypertensive crisis or 

increased intracranial pressure of 40 mg IV for 1-

2 minutes then increased by 80 mg increments, 

with a maximum dose when it has not worked for 

1 hour, namely 160-200 mg / dose. This illustrates 

that this study is relevant to the study, namely the 

relationship between the administration of 

furosemide at a dose of 120 mg at the age of ≥ 17 
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years with a body weight ≥ 50 kg with changes in 

urine output volume as seen from one of the 

clinical signs, namely the production of urine 

output volume from oliguria to normal. 

Second, the data of respondents who have 

received furosemide according to the dose (120 

mg) but experienced a fixed volume of urine 

output, this occurred in the early elderly age range 

of 46-55 years and in ASA III. This can be caused 

by other factors, namely the existence of age 

factors in accordance with the research of 

Sulaiman, et al. (2020), namely in the elderly, 

especially men, there is an enlarged prostate that 

can clamp the urinary tract and neurological 

disorders, while in elderly women it is caused by 

a decrease in bladder muscle work due to parity, 

number of pregnancies, history of birth methods, 

and history of hysterectomy surgery. Of course, 

the above can cause oliguria to continue due to 

poor urinary tract and bladder function, 

furthermore, this age factor is also supported by 

the research of Amalya, et al. (2023), namely at 

the time of old age the regeneration ability of 

nephrons has been reduced and cannot even 

perform generation anymore, so that kidney 

function decreases with age, starting from the age 

of 40 years there is a decrease of ± 8 ml / min / 

1.73 m² every decade. Next is the ASA factor, this 

is in accordance with Khaliq's research (2020), 

namely ASA can have an effect on causing the 

response of certain organs to the absorption of 

drugs given intraoperatively, then also supported 

by research by Mayhew et al. (2019), namely ASA 

is a tool at the time of preoperative that can clarify 

or predict the difficulty of both surgery or 

anesthesia during intraoperative and 

postoperative. This analysis concluded that the 

higher the ASA, the more complications that arise. 

The two things above are certainly interrelated 

even though furosemide has been given according 

to the dose of 120 mg but there is still no change 

in the volume of urine output due to several 

factors, namely the elderly age factor which causes 

organ function to no longer be optimal and also the 

ASA physical status which is high enough to make 

drug absorption less effective and more at risk of 

complications. 

The three respondent data who received 

the appropriate dose of 120 mg and experienced 

changes in urine output volume were seen from the 

volume of urine output that had used the gold 

standard according to Andrea Tham's research 

(2022), namely using 40 mg of furosemide and 

then adding 80 mg so that it became 120 mg to 

reduce intracranial pressure which could later be 

seen from the normal volume of urine output. This 

is also in line with the research of Sidhapramudita 

Mangastuti et al (2018), namely with efforts to 

reduce intracranial pressure by administering 

furosemide. Furosemide works on intracranial 

pressure (ICP) by gradually relieving general 

cerebral symptoms, reducing cerebral edema 

through increased intracellular water transport, 

and along with a period of decreased pressure and 

cerebrospinal fluid formation. The magnitude of 

this decrease is associated with furosemide-

induced increases in the secretion of chlorine- and 

sodium-containing urine. This increase in urinary 

secretion is of course closely related to changes in 

the volume of urine output, which is characterized 
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by a sign of increased ICP, namely oliguria, which 

then becomes normal urine. This result then also 

indicates the process of urine formation which was 

initially abnormal to normal which is related to 

monitoring the intraoperative fluid balance to be 

able to get the results of changes in urine output 

volume as one of the manifestations of ICP 

reduction through urine output volume. 

The limitation of this research were the 

characteristics of respondents in this study were 

dominated by the early elderly age category (46-

55 years) and the majority of ASA II physical 

status. Statistical test results with -value 0.013 ( 

<0.05). From the results of research and statistical 

tests conducted by researchers, it can be concluded 

that there is a relationship between furosemide 

administration on changes in urine output volume 

in Tegal City hospital. 

CONCLUSION 

There is a statistically significant 

relationship between furosemide administration 

and changes in urine output volume of craniotomy 

patients with the fisher exact test obtained a value 

of  = 0.013, so that alternative hypothesis can be 

accepted. The Conclusion there is a relationship 

between furosemide administration and changes 

in urine output volume of craniotomy patients at 

hospital in Tegal City..  
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